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PREFACE. 


Thb following methods are given as works methods, and it must be clearly 
understood that the chemical methods used in the analysis of oils and fats 
can, from their nature, have no pretence to a degree of accuracy such as is 
usually found in inorganic work. The majority of the processes used in the 
analysis of oils are dependent on the use of solvents, and consequently the 
]:e8ult obtained varies with the season of the year and many other factors. 
There has been a great tendency of late years towards building up theoretical 
foundations for the various methods used, and yet in commercial work 
products are obtained which cannot be made to yield concordant results in 
duplicate estimations, and also, as will be seen from the results given later, 
some of the processes which are supposed to be on settled bases give results 
>$hich are quite inexplicable on tlie current theories. 

All the figures given are now published for the first time. I have not 
entered into theoretical discussions for the reasons given above, and it appears 
to me that workers are much needed who will consider their results without 
attempting to bind themselves to preconceived notions. 

G. F. PICKERING. 

Horsportb, kkar Lssds, 

Jviyim, 
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OILS AND FATS. 


SKCTION I, 

SAMPLING, AND PREPARATION FOR ANALYSIS. 

Sampling. --Tills must always be done with the yreatest care; bad 
saiiipliii;; lias caused iiioie ditlereiiccs by I'ar between biiyer and seller than 
Llio Use of diliurenl inuthods of 

Tlio ^ample.s in the oil tr.ido vary from thin Iluid.s through (iumi-.solids to 
!^>Udb ;so Iianl that in ^omo casch the tciiter used for sampling has to be warmed, 
so tTiat compleLc samples through the package may be obtained. 

When samphiig largo lots, it is usually sullieiont if every third package 
be sampleil, all the san^iles put into a clean, dry bucket, the contents of th<; 
bucket well inked, and four six-ounce bottles lilled from the bucket, and 
sc. hxl up at once; this .dlous one sample for the buyer, one for the seller, 
ana .-ne to ]>e kept by each in case of dispute. 

If a parcel is found to be dirty, or to contain more than a norm.d amount 
of water, it will be necessary to sample every package, and mix and seal the 
sainpli'.s as lieforc. 

Solid Fats.- When the package is not full to tliu to[), a s.imple bored 
rightthroiigh the contents with an auger will fairly represent the contents of 
the package. Should free water be louu<i, it is best to make a small hole at the 
bottom of the head, and allow tlio water to run out, and re\\ei<;U the package 
before sampling. Should the contents lie up to the bung liole, it shows tliat 
the packii^gc! had been stood on its lu-ad before the contents sohdilied after 
lining; cases have been known wheic this has l»een done in older to make 
accurate s.impling very dithcult, but this may be overcome by taking out the 
liead, whith^was at the bottom when the package was filled, and boring a 
saiftple from end to end of the package ; the diti'erence in sound on striking 
the Invids at once indicates the full end. 

LriQUidS And S6nii'X..iQUids.-'"These c.uinot be pi'operly sampled witli 
a tube open at both ends. S.iniples must alway^ be taken with a ebesed slide 
tester, tlio tester being pushed to the bottom of the p.itkage before open¬ 
ing the slide, and tlie slide again closed before withdrawing the tester from 
the package. The samples in the bucket are melted at tlie lowest«possible 
tempemture, stirred until cold, liottles filled, and sealetl as before. 

Liquids, Turbid or Showing a Solid Deposit.— Th^se should be 

gently warmcd.with fre([nent shaking, until the deposit i.s redissoLved and the 
whole has become homogeneous, before tiio*anulysis is proceeded wilA, .yid 
the aiialy.sis should be completed before tlie sample lias badi^ime to redoposit. 
A turbidity which docs not disappear on warminu: is usually due tp Wter, in 



I 

which case ik is siillicioDt if the bottle containing the sample is well shaken 
each time a^y of the sample is taken out. 

Semi-SoUds and Solids. —When the package is not homogeneous, i.e. 
when containRig ^ator, dirt, or wlien it is a mixture, it must be carefully melted 
on the water bath ^.t the lowest possible temperature, and the contents of the 
dish stirred until stiff in the case of solids, or cold if semi-solid, after which 
the analysis can bo proceeded with. 

Preparation for Analysis. —It is almost impossible to cover every case; 
the following is only a general guide. 

The only sam})les the analysis of which one may proceed with without any 
further precaution are clciir liquids and homogeneous solids. Turbid liquids, 
whether the turbidity is due to water or to the deposition of solid matter, 
seedy semi-solids,—these may be detined as a mixture of solid grains embedded 
in a softer paste—and uon-homogeneous solids must ail be brought iifto a shvte 
of complete uniformity before proceeding with the analysis. 
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PHYSICAL PROPERTIES. 

'lntf pliyhical condition of tiio baniple should alw.iys bo noted: svlieLher 
c[u<aii or dirty; if Huid, whether clear or turlud ; if containing'' a dojjosit, 
wliat is tlio nature of the deposit; if seniisolid, wliether honio^'encons 
or seedy; if solid, whether honioj^'eiieons, dry or ^leasy, crystalline or 
amorphous. 

Coloip; is always a point of ^reat connm'icial iin2>ort<ince ; it may be 
takffli as a •tenoral rule that the paler the colour of an oil or fat the 
higher is its commercial value, but it is ordy in very rare cases that 
tho colour is quantitatively measured. 

SPECIFIC GRAVITY. 

For general i)nr2)oses the s])ecilic gravity bottle! with 2jerforate<l stoj)per 
is* probably the best, and the lO-gramme bottle a conveunent si/e; tlic 
25 -grainino bottle is only required for glycerine, and this hecauso of 
tin; high ()i'icc of glycerine; and because it is always sold as having a 
certain gravity, tho latter requires to bo determined with great accuracy. 
It is better to buy the specific gravity bottles witliont a ci)unteiq)oi.se,. 
because the counteriioise is very rarely correct, and Llie bottles must 
always bo carefully calibrated before use. When calibrating, tho main 
jjoinL to* watch are, that no air hnbble is left under tlie stopjK!!*, 
aRd that the bottle has stood for at least ten minutes at 60 * F, before 
it is taken out of tho water for weighing. Duplicate determinationB with 
liipiids should agree to within three units in llie fourtli decimal jdace; 
wilJh solids two determinations should only ditlcr in the fourth {dace of 
decimals. 

Tho specific gravity of substivnees insoluble in alcohol may bo determined 
with a fair amount of accuracy by placing a few small jiieces of solids or 
a few drops of Ihpiids in a small beaker, and adding a*mixtur^ of alcohol 
and water, until the sample neither sinks to tho bottom nor floats on the 
surface, but comes to rest between the top and tho bottom of tho niixture; 
tho mixture is then poured into tho gravity bottle, brought to (iO* F. 
and weighed, the gravity found being that of tlio sample taken. * Wlicij 
using this metjiod it is better to mix tho alcohol and water hrj^t, and aljpw 
to stand a few minutes, in order to get rid^f air bubbles, before juitting the 
sample in; this saves time, as air bnbblPH always form oy first mixing tho 
alcohol ai ’ 



VISCOSITY. 

In tliis country Redwood’s viscometer is the standard instrument; the 
following factor^ will allow of easy conversion from one to another:— 

Jackson at 70* F. is 3*92 times Redwood at 70“ F. 

Colejian-Archbutt for 100 c.c. is equal to Redwood at same temperature. 

Englbr’s figures are 25*5 times „ ,, „ 

,, ill seconds are 0*69 times „ ,, ,, 

Huusx’s figures arc 3*85 times „ „ „ 

Saybolt at 70* F. multiplied by 1*71 equals „ „ ,, 

„ at 212’F. „ 0*80 equals „ „ „ 

Lamansky-Nobkl figures are 22*13 times ,, ,, ,, 

The lag during the flow of 50 c.c. from Redwood’s viscometer is very 
large, and yet the proposal made by Allen thirty years ago, to deliver the oil 
under a constant head, apparently found no favour. 

TABLE SHOWING LAG IN ACTUAL TEST. 


Russian, 895; Te.mi*kkature, 70“ F. 


Volume run out. 

Secomls. 

Lag. 

10 c.c. 

08 


20 „ 

142 

6 feccs. 

30 „ 

225 

21 

40 „ 

318 

46 ,, 

50 ,, 

420 

80 


Agiecnimt between du[tlicate results with Kedwond’s Viscometer. 


EXAMPLES OF TESTS OF OH.S. 
RUSSIAN, 907. 


IVnqw'ratuie °F. 

First Tc-st. 

Second Tost 

l*ei cent. 
Diileioiice. 

70 

1265 

1226 

3*1 

140 

128 

128 

ml. 

180 

63 

62 

]•§ 

212 

46 

45 

2*2 


AMERICAN PALE, 900 / 905 . 



470 

465 

11 

HO ‘ 

79 

78 

1*3 

180 

60 

58 

3*3 

212 

40 

40 

nil. 


AMERICAN, 9*2/9i5- 


•70 

673 

•672 

0*16 

C 140 

94 

94 

mnl. 

• 180 


55 

1*8 

212 « 

44 

43 

2*3 

• 
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VISCOSITY OF VARIOUS SUBSTANCES (KEMVtiOU 
VISCOMETER). 


Oil. 

Temperature 
70’ F. 

Temperature 
140" F. 

Temperature 
180’ F. 

Tomperatnro 
212’ F. 

Animtil oil, palo 

306-412 

85 

5.5 

44 

,, brown . 

310 

82 



Castor oil, firsts 

3861 

312-366 

120-163 

78-112 

,, #.socon{ls . 


288-352 

118-118 

72-80 

Cocoannt, jirossed . 

230 

60 

44 

38 

Colza, Bolgian relinod 

366-422 

98 



•, English 

346-390 

100 



,, Stottiu ,, 

374 425 

93-102 

61-66 

48-50 

Cotton oil, Anieiioan ,, 

270 -35.5 

84 



,, Bombay ,, 

28S 




llenipsooil oil, ciudo 

203 




Lanl oil, A1 . 

381-403 




,, extra winter stmincd, 

363 

80 



Lyisoed o^l, Calinitta 

203 




,, Canadian 

188 




Neatsfoot, English lilt. 

334-385 

79-98 

63 

51 

,, ,, unfilt.* 

385 




,, North Amei ican, cold 





jnessod 

395-446 

89 

58 

45 



88 

58 

46 

,, Soutli Anieriean 

330 

87 



Oil e oil, Algerian . 

336 

86 



• ,, Bari .... 

323 




,, Caiidiu 

308-324 

81-86 

55 

50 

Gallipoli . 

344 




,, Malaga 

312 

86 



,, fine Hiianish 

316 




,, Sinyina 

.328 




Rape oil, reiiiu'd, Black Sea 

346-360 

89-95 



,, ,, East India 

365-410 

90-103 



,, ,, English. 

371 

96 



,, • ,, German 

390 


03 


• ,, ,, .hunha 

389 

97 



,, low .... 

340 




Seal oil, water white 

2S3-298 




,, Stra,w 

228-298 




S«ya bean, refined . 

240-255 

75-83 



Sperm oil, Arctic deod. . 

141-187 

67 65 

42 


,, southern. 

112-175 

53-61 

41-18 

37 

Tea seed oil, refined . 

334 

72 



Tung oil. 

918 

156 



Whale oil, No. 0 . . . 

210-293 

66-75 

•50 

’ 42 

No. 0, flit, . 

270 

71 



,, No. 1, „ 

243-244 

76 

53 

• 43-44 

,, No. 3, „ 

260 


• 

• 

Thickbnrd Oils — 





East India I npe . «.• 

8053 

793-1439 

324 590 

15W-320 

Black Sea ,, (ravison) 


748-757 

313-882* 

168-250 

Whale 

• 


289-375 

• 

i 

jai*. 
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OILS AND FATS. 


Redwood’s figures can be calculated to absolute viscosity in dynes per 
sq. cm. 4)y tlie aid of the following fonnnbi:— 

V f 

n ^ kdt, 

where 

;i"absolute viscosity, 

density at the temperature ”(J. at which the viscosity was taken, 
t = the number of seconds for uO c.c. of the sample, 

A ■= a constant. 

k must be determined for the Redwood instrument used, and is found 
from • , 



the letters having still the meaning given .above, using, of course, .as standard 
liquid one of which the absolute viscosity is known (glycerine, phenol, etc.). 

If a sample has been heated for any reason, the oil must be allowed to 
stand overnight before determining the viscosity, because heating has often 
a considerable effect on the viscosity. 


EXAMPLE OF EFFECT OF IIE,yiTNa. 


Oil. 

Before 

1 After Six- 

At Tnii- 

Ilc.itiii". 

Hour''. 

perature 

Blown rajie .... 

toil 

! 1120 

140’ F. 

iliissiaii 907 .... 

13il 

1 1239 

70 ,, 

American filt. cyl. 

173 

: 1.30 

180 ,, 


The lowering of the viscosity of the Russian 1)07 oil reminds one of the 
lowering of the viscosity of colloids by previous heating. 

It must not be forgotten that when two or mort! oils arc mixed together 
it is not possible to calculate the viscosity of the nnxturc from the figures'.tf 
the constituent oils. 

Two parts of American 900/907 oil were mixed with one part of Russian 
907 oil; the viscosity of the mixture was 488 at 70” F. The calculated fij^irc 
was 612, giving a difference of 124 seconds ; even after correction for specific 
gravity the calculated result was .941. Attenqits made to find the law for 
the reduction of viscosity with rising teinperiitiiro, and also the law for 
mixtures, ghve sudi widely different figures, even when calculated from the 
figures published by Redwood himself, as to be useless. 

* SURFACE TENSION. 

• 

The surfaue tensions in dynes per square iScntimetre of fatty and mineral 
(jil^ire so cibse together that they are of no value for analjitical purposes. 
Tlw fi^ires given below were determined by the glass' tube and balance, and 
, the results calculated by Proctor Hall’s formula (Archbutt, p. 48), where T is 
tlje surfacj tension, w the weight required, Cl the insiile oiroumferenco of the 




PHYSICAL PROPERTIES. 


tube, and C2 tho outsido circurnferenco of tlio tubo. Surface tons* 
per square ccntimetro at 1.'^ 0. 

SURFACE TENSION RY PROCTOR IIALIAS j^IETIlOJ). 


Oir. 

SuiirACK 


TlCS.vlON, 

Scotch P80/885 oil. 

39-3t 

Russian 895 oil.... 

12 *03 

,, 907 oil. 

43 55 

American 805 palo nentrnl.... 

39-55 

1 ,, palo 900/907 

39*44 

1 ,, ,, 912/916 

43*26 

Arctic sperm oil . . 

41*03 

Stettin colza oil 

47*60 

Castor oil firsts ...... 

.54-7*2 


REFRACTIVE INDEX. 

• ^ • 

The various rofractometors specially constructed for tho examination of 
oils and fats are not a very ^ood investment, for they cither have an arbitrary 
scale, or else do not ^over the whole range re<juired in commercial work. 
The Ibilfrich type of refractoinoter is free from these objections ; tho only one 
tl.R can bo raised against the instrument is that the glass cup for containing 
tlio oil sometitnes comes off wlieii cleaning it out, but if the old cement he 
c^irefully removed the cup may be coineuted on again with Hsh glue in a few 
minutes and the instrument is ready for use ag.ain next morning. When 
replacing the cup care must be taken that it docs not encroach on the polished 
circle in the centre. 

The refractive index is one of tho properties of oils that has not been made 
sutbeient use of, especially in the examination of mixtures. The (ferman 
Customs make tho refractive index of that ])ortion of the unsaponitiahlc from 
*wool fat oleines which is insoluble in acetic anhydride one of the two deciding 
figures in* determining whether tho oil shall bo admitted as an oleine or 
whether it shall pay duty .as a mineral oil 'Ibis refractive iinlox sl>all not 
exceed 1‘5100. 

The specific gravity, refractive index, and iofline value are tho only 
sti*lctly additive properties possessed by the oils and fats, aiid the speed at 
which the refractive index can be determined at once gives it great importance 
when dealing witli mixtures. Convenient tetiiperatures to work at arc 70” 
and 140* F. 

A useful works check in the manufacture of TurlaTy Rod Tills can be 
obtained from the refractive index, but it must be undcrsbMMl tbat^tbis only 
applies to samples made from the same oil, and with the same percentage of 
sulphonatioii. If tho refractive indices of three or more samples of known 
test bo plotted, andHh^ cur^ drawn, the determination of ,the r(?fractivc 
index of an unknown sample will omible its tost to be read off fr^m the ciy've 
to within 2 per cent.* of tho result obtaiiwd by analysis, and fui*thfi*, ^ot4i 
ammonia and soda samples can bo road from the same curve. 

In the castyjf wcwl grease oleines (»f the same percentage of ga|)onifiable 
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matter thei‘o ii, a direct rehation between the cold test and the lefractivc 
index ; the higher the cold test the lower the refractive index. 


V Wool grease oleine cold test 55" F. refractive ind{'x 1 

, n „ 40" F. „ „ 1--1900. 


The effect of redistilling wool grease oleine is to lower the refractive index, 
and the addition of resin raises the refractive index. 


Example .—Distilled wool grease oleine refractive in<lcx 1‘1812 

Redistilled wool grease oleine ,, ,, 1*1900. 

The redistilling in this case had been perfonnod by dissolving r('.sin in the oil. 

The difference to the refractive index of .an oil or fat (not J^ontaining more 
than 10 ])or cent, of free fatty acids) made by the 10 per cent. oi» glycerine 
usually present is about 0*0112: this is al.so the axorago dilVerencc bc^tweem 
the refractive index of the oil and its fatty acids. » 

The average temper.'iturc variation may be token as being 0 0001 for each 
degree Fahrenheit. 


TABLE OF BEFRACTTVE INDICES AT 70° F., 
VAKIDIJS SUBS'I’ANCES. 


Animal oil, pale . 

1*16.'>0 to l*b'. 8 d 

Cottonseed oil, Amc-tican 


Araclns oil, vefiiiod 

1*470.') to 1*1715 

lelinul, 


blown cotton oil . 

1 *4803 


*]iltpii d 

ri736 to! ■474.6 

,, K.ist India rapcoil 

1-4803 to 1 •48.'’,5 

,, ,, P'gyptum 

,, Bl.ock Sea rape 



cdibli*. 

1*17*26 to I •17.30 

(r.ivison) 

1*4803 t.j 

I 1*18.66 

Distilkd liquid lesin 

1-19.38 

,, wlialc oil . 

1*4771 to 1*4813 

Iletiipsectl oil, crude 

1 -4794 

Boiled linseed oil 

1-483.1 to 

Ib-rmi'' oil, p.ilc . 

1*4813 

,, ,, suhsli- 



■lapiiii lisli oil, blown 

1*4736 to 11704 

tute.s 

1-4813 to 1*4986 

L.u<i oil, juinie 

1 ■4000 to 1 17*2.6 

Camelino oil, rrl'nied 



,, Swilt'sevtriwin 

(do<Mer) . 

1*4794 


tor sti,lined . 

1 '4070 to 1 -1086 

Casturoil, phaiinaceatical 



,, Switt’a No 1 


cold drawn 

1*4794 


bio\Mi . 

1 •4(;81 

,, fiists 

1*4791 to 

1*4803 , 

,, Swift’s No. 2 


,, 8 ec«iTtHs 

1*4793 to 

' 1*480.3 : 

blown . 

1*4080 

,, Calcutta 

1 4794 


funsced oil, b.iltic 

1-182.5 

,, Bombay 

Castor oil, miscible 

1*4784 


,, Calditia 

l*48i:f 

1 *4781 to 

1*4813 

,, C.uiath.'in . 

1 4770 lo 1-4810 

Cocoannt oil, jirc.sscd , 

1*45(;() 


M lize oil, K'fiiicd . 

1 '4716 

Cod-liver oil, (.lanadian 



Ncafsfi.ot oil, Kiiglisli, 


yellow . 

1*4704 


liltcn.d 

l-«)96 

,, ,, coast extra 



,, ,, unlillen'd 

1-4076 • 

pale 

1*4803 


,, ., Swift’s 


,, ,, coast brown 

1*4794 


Noitli 


' ,, crude pale 

1*4774 


Americ.in 

1 4686 

,, . jNewfour^* 



,, ,, South 


landycnow 

1-4784 


Aiiit’iican 

1 -4095 

,, ,. Ncwfouml- 



Olive oil, Algeiian 

1-4690 to 1*4696 

^ land racked 



,, Oindia . 

1 ‘4676 to 1 *4706 

brown 

1*4784 to 1-4794 

Gallipoli 

1*4696 

,, Newfound¬ 



Grecian . 

1*4705 

land nn- 



,, 0 D'vaiTt .• 

1*4690 

^ racked . 

1*4784 to 1*1794 

,, Malaga. 

1*4086 to 1*4705 

• t, •>! Scotch crude 



,, Messina, 

1*4686 

• brown 

1*4833 


,, Pharma. . 

1*4695 

CoRa oi]^re6ned Stittin 

1*4736 to 1*4764 1 

fine Spanish . 

1*4 703 to 1*4706 
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TABLE OF BEFTUCTIVR INDTCFS AT 70* F. 


•#9- 




1-4745 to 1-4754 


1-4754 

1*4746 


Olivo oil, Sniyiii.i. . 1-4690 

siibstitnt<-s . 1-4695 to 1-4754 

Rapo oil, Black Sea, re¬ 
fined (ravisoii) ] *4749 to 1 ’4774 

,, East India, rc- 

tilled . 

,, Englisli, re¬ 

fined . 

,, .latuba, refined 

,, Japanese, re¬ 
fined . 

S.ilnion oil, Califoiiiian . 

Sea elejileuit oil, No. 1 . 

Seal oil, water wliite 
,, straw 

•Stniik liver oil, lofined . 

Soya bean oil, oiude 
,, ,, leiinnd 

Sperm oil, Aictic No. 1 . 

,, .. 2 . 

,, Southern 
Tea see<l oil, refined 
\Vliale<nl,No. (i, III toil'd 


1-4735 
1-4814 

1-4730 to 1-4762 
1-4754 to 1-4774 
1 -4745 to 1 *4786 
1 -4725 
1-4754 

1-4754 to 1-4774 
1-1G74 to 1-4686 
1-46O0 to 1-4676 
1-46.56 to 1-4760 
1-4705 to 1-4715 
1-4748 to 1-4764 
l,imli]feied 1-4726 to 1*4785 
,, ,, 1, filtered 1 4735 to 1-1740 

,, ,, ‘2,unli]tei«n-4715 

,, ,, 2, filfeied 1-475*2 

,, ,, 3,unliUoied 1-1705 to 1*4715 

,, ,, 3, liltcied 1-4739 

,, Japaiic'-e yellow 1-4715 
i'-i(ty aeids from 17 per 
cell (.wool ore,ISO oleine I "4735 
CoMMFKi'ian Fa'i iy Acins— 

Araebis oil fully acids 1 -4666 
Castoi oil fatty acids, 

firsts 1-4705 
,, ,, seconds 1-4706 

Linseed oil fatty acids 1-4686 
Maire oil fitly acids . ] -4650 

Rai'c oil fatly !vci<ls . 1-171.5 

.Soya l*ean oil fatty acids 1 *4670 
05 Ti:i! UFsr. Oi,kinI':s— 

Atnerican wliite 


bi own 
Ausiralifyi wliito 
» ,, blown 

Belgian white . 

,, brown . 

Cotton oleine, filter 
Jtutcli white 
,, brown 
English white . 

,, brown . 

Kreneli wliile . 

,, brown . 

Olkinfh kiiom RK<-owKf;i» Tiiohikt.s 
English pure 45 %sap. 1 '483^ 

„ „* 47 1*4822 

,, „ 40 „• 1-4803 

,, „ 50 „ 1-4813 


1-463-2 to 1-4676 
1-4021 to 1-1606 
1-1626 to 1-1676 
1 4614 to 1 *1()76 
1-46-26 

1-4626 to 1-4687 
1-4705 to 1-4715 
1-4616 to 1-1621 
1-4636 
1-4646 

1 -4645 to 1-4700 
1-4646 to 1-4650 
1-4636 to 1*4666 


OlkiM'-.s from KKcovum^wA'ji 
English pure 51 % sap. r-47' 

,, ,, 53 - ' 

,, M 


to 




„ ,, 55 

.. 66 

,, 68 

,, U 00 

M M 86 

„ 70 

Frenchpuie 50 

Cottonoleino,50 
M 70 

Sri.i’HONAi Ri) On 
70 % e^tstor 
60 ,, 

50 
40 


_ to 

1-4784 — 
1-4790 
1-4725 
1-4789 
1 -4774 
1-4764 

1-4705 to 1-4736 
1-4708 to 1-1738 
1-4736 to 1-4881 
lilt. 1-4852 
1-4735 

1-4416 to 1-4486 
1-4106 

1-4256 to 1-4266 
1 -4007 


I’alesolubleleatlicToils T4276 to 1-4491 
Dark ,, „ 1'4695 

70% froni 70% tc- 
covered oleine . 1-4666 

Monopol oil . . 1-4371 

Turpentine, Anicncan 1'4705 
,, substitute 1*4376 
b NsAI-OMFUm E MaTIER FROM— 

Black oil, 60% sap. . 1*4995 
70 % recovered distillate 1*5033 
50 „ ,, 1-5051 

Reeoveiedsteariiie 102 
M.P. . . . 1-5134 

50% iccovered oleine. 1*4929 
Minrrar Oils— 

.fuifrican half n-lnte oih— 

8186 spec. grav. . 1*4715 
8576 „ . 1*4754 

8582 ,, . 1-4739 

8590 „ . 1-4750 to 1-4759 

half u'hitf. oih — 


835/40 spec. giav. . 
845/50 ,, 

855/60 ., 

860/65 ,, 

880/85 

890/95 

Ante) ican mineral oil’i- 
Miueral colza. 

840 sun - bleached 
neutral 

850 neutral spindle 
806 ,, • 

876 pale 
885 „ 

885/90 neutial 
900/5 pale 
900/7 ,, 

912/15,, 

910/15 red . 

• 920/5 ,, Kansas . 
900 pale Mexican . • . 


1-4661 

1-4710 to 1-4732 
1-4756 

1-4750 to 1-4861 

1*4823 

1-4794 

1-4576 to 1-4586 

1-4646 

1-4752 

1*1762 

1-4919 

1-4936 to 1-5051 
l-600f 

1 -5033 to 1 -5235 
l-5051*to 1-5088 
'1-5088 to 1-5154 
!»6107 to 1-3162 
1-6170* ♦ • 

1 *4995 
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TARLF. OF REFRACTIVE INDICES AT 70° F,—continued. 


915 pal£ , 

. 1-6075 

Russian 907 pale . 

1-4986 to 1-6061 

920/5 pulo Toxas . 

. 1-6130 to 1-6143 

Scotch 840/60 clcaningoil 

1-4764 

930/5 ,, . * 

, 1-5183 to 1-6192 

„ 860/8 

1-4862 to 1-4933 

Galician 886 pale 

. 1-4910 to 1-4980 

,, 885/90 

1-6023 to 1-6061 

900/5 „ 

. 1-6061 

Ilesiii oil, i>ale neutral , 

1-5386 

,, 915/17 „ 

. 1-5088 

,, ,, relined . 

1-6133 to 1-5538 

Russian 805 pale . 

. 1-4929 to 1-4964 

,, refined . 

1-5428 

,, 900 pale . 

. T4986 

,, grease making 

1 -5336 


ROTATORY POWER. 

Mineral Oils. —The rotation of mitioral oils ban acquired sonic irtiportanco 
of late years, as it must have a direct bearing upon theipiestion of origin, but 
tho amount of this rotation is so small that it has no value for analytical wwk. 

Wool Grease Oleines. —All are dextro-rotatory, and have a very 
pronounced rotation, but it is not as high as that of the grease from which 
they are made. 

Example .—Hard Yorkshire grease, specific rotation 13*7 

Oleine from tho same grease, ,, „ 1T6. • , 

Tho rotation of recovered grease oleines as a class varies from G'9 to 14'7. 
The rotation of the unsaponifiable matter from wool grease oleines is again 
higher than that of tho oleine itself, varying from 12 to 29‘4. 

The German customs authorities have made tho rotation of that portion 
of the unsaponifiable matter which is insoluble in acetic anhydride one of the 
standard figures in deciding whether a recovered grease oleine is pure or 
whether it sliall bo taxed as mineral oil. In order to pass as oleine the 
rotation of tho unsaponifiable matter insoluble in acetic anhydride must not 
be lower than 18, and yet, as shown above, the rotation of the whole un¬ 
saponifiable matter from pure samples often falls below the limit. The latter, 
therefore, appears to have boon fixed on insufficient data. 


MELTING POINT. 

The standard method is tho capillary tube, and this method shouM always 
be used in all disputes. 

A fairly accurate, and very rapid, method for works purposes is carried 
out by placing a thermometer in a test tube, and pouring into t^io test tube 
sufficient of the melted sample to cover the thormometer Indb, warming *11 
necessary until the sample is completely fluid, and the whole Is quite clear; 
then stir constantly until tho first sign of turbidity is seen. This point 
is the melting point of the sample. 

Example .—A stearine gave 130° F. hy this method; the same stearine 
in closed capillary (newly filled) . . melts at 128° F., clear at 134 F. 


in open 


F. 


(stood 24 hours). 

(newly filled) . 

.. 

Pehk . . # . 

• • * 

dpen Capillary Method.— Fill the sample into an ordinary capillary, 
and when*t|je sample has set again break off the closed end of^the tube; fix 


129° F. 131 

the sample rises at 130* F. 
meUs at 129* F., clear at 133* F. 
clear at 130“ F,, risks at 133" F. 





PHYSICAL PROPERTIES. 


to a thermometer and heat as usual; record as the melting point Iblic tempera¬ 
ture at which the sample in tlie tube conmienccs to rise towards the top 
of the liquid in the beaker. * 

This method gives results in fairly close agreement”^ with the dosed 
capillary, and has the advantage of being available for aU samples, whether 
light or dark coloured. This cannot be said for tho closed capillary, which 
is useless for all dark-coloured samples, or for transparent bodies like rosins. 
In the case of resins the rise of tho column of melted resin up the tube is 
very slow; in ^jxtremo cases tho rise may be prolonged over many dogrtscs. 
This is caused by the very liigh viscosity of some resins at temperatures 
near tho melting point, hence the need for reading tho thermometer as soon 
as tho column starts to rise up the capillary. 


Rrsins. 

Mki.tixo Point in 
Open Capilt.ahy. 

Fm!IIC1i(K) ... . . 

,, (WW). 

,, (oxtm) ...... 

AniiTiciiii (H) ... . . 

„ (K) . ... . . 

(b’lvk (colour like Amcncan II), 

207* F. 

209 

207 ,, 

204 

205 , 

208 

Pi rcHKs. 

Meltino Point in 
O i‘EN Capillary. 

Wool grease pitch ..... 

125" to 157* F. 

Wool grease stearine pitch .... 

157 

Pitch from 70 per cent, black oil 

151 „ 


The above figures give some idea of the variation of these pitches ; the 
melting point of fatty pitches gives no Indication as to tho origin of a sample. 
Tho reason is that the manufacturer is able to produce any melting point 
he wishes, and also that the extent to which tho distillation is carrie<l may 
^ary for"m,any reasons, .such as change in values, etc. 

Tlie only class of sample for which the open capillary is useless is tl»e 
pitch resulting from the distillation of some classes of fatty acids, whicli 
when heated to melting forms a frothy mass, neither fluid nor solid, and 
cfinnot bo induced to run to the bottom of tlie capillary. 

Kuamku and Sahnow’s method for taking the melting point of dark- 
coloured samples is used on the Continent, and is carried out as follows: -- 
An open tube, inner diameter 5’7 mm., is dipped into tlie n^oltcn sample 
for a depth of 5 mm., tho forefinger being placed over the other end of 
the tube and kept there until the sample has solidified. Tho,outside of 
the tube is cleaned, and exactly 5 granTmes of mercury poured eon to the^ 
top of the column of sample in tho tube. Tho tube is clamped to a thermo¬ 
meter, wliich is tlfen* immysed in a beaker of saturated ,brine,* and the 
beaker heated. Tho tornperature at which the globule of ^mercury* falls 
through the sample fe noted as the molting point of the sample. • , • 
Tho results obtained in this way hear no relation •whatever to those 
obtained by ^othor^mebhods, and may be as much as 40“ F, lower, bift 
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duplicates ffro very concordant. It has lately been found that differences 
arise between different observers, and the proposal has boon made that the 
tube sbKll be exactly 6 mm. internal diameter, and be dipped 7 mm. into 
the molten sjrm^lc instead of 5 mm., in order to have a depth of sample 
of 5 mm. after cooling; but it does not appear that even this will stop 
discrepancies in the case of frothy samples like the fatty acid pitches 
mentioned above, because the amount of actual sample retained in the tube 
is certain to vary according to the extent to which the sample in band 
is liable to froth. 

TITRE TEST. 

This test is of value chiefly to the soap and candle maker, and the higher 
the titre test of the sample the greater its value. * 

The test is quite useless for all samples having a titre lower than 80" F., 
because .such samples give almost any figure the operator wishes, provglcd 
one knows when to stir the sample during solidilication. 

In this country all tallows arc sold on Norman Tate’s results, which arc 
obtained as follows. 

The following method for the oxanunation of f.ats (tallow) for setting 
point (titre) has been devised by A. N. Tate of London ;— 

Procedure. —{^) Thoroughly mix and average the sample. • . • 

(^) Take a weighed amount, say 50 grammes of the sample, and melt it 
completely in a basin over a boiling water bath. 

(r) Add to the melted tallow, wliilst still warm, abiixture of 40 c.c. of a 
solution of caustic soda of 36 Be. (sp. gr. T36) and 25 c.c. of absolute 
alcohol (methylated spirit may be used). 

(d) Stir continually until the resultant soap solidifies. 

(e) Next pour gradually on to the soap while stirring .'ibout T5 litrqp 
of hot water (distilled), and ))oil until the solution is reduced to 0 75 litre. 

(/) Add to the solution 25 c.c. of sulphuric acid previously diluted with 
500 c.c. of distilled water to thoroughly decompose the soaj). 

(//) Allow the fatty acids in a melted condition to separate and float on 
the top ; when cold, syphon off the water. 

(h) Carefully remove the cake, and melt as de.scribcd at “rt.” Care must 
be taken, before proceeding to test the setting point, to note that the saponi-’ 
fication has been complete, and if the fat is not (piite free from* water 
may bo melted in a small separator funnel and the water drawn off, and 
the fat itself run off into the testing apparatus. 

The Apparatus. —(a) A clear class cylindrical vessel haviijg an inside 
measurement of 9 cm. high and 2'75 cm. diameter, and sides 0*3 cm. thidk, 
slightly rounded at the bottom, and provided at the top with a glass lip 
or ebonite flange on whicli to hang it. 

(6) An outer vessel of clear glass 13 cm. deep and 10 cm. wide for the 
protection of the inrter cylinder fron) drauglits. 

(c) An ebonite or wooden cover (not metal) with a hole in the centre and 
jilightly oppressed flange, on which to hang the flange of the inner cylinder. 

(d) Two small pins to keep the cylinder in position during stirring. 

(e) Ab accurate thermometer^ graduated fr(gn aboftt ft* to 70" C. in tenths 

of a ^degree; size of the bulb to be as nearly as possible 2'5«m. in length, 

and 0'6(i cm. in diameter. , • 

‘ Tate rocomniendif M. Baudin, 276 Rue Suiiit .Jacques, Paris, who makes a thermo- 
fheter adtuir*al^y adapted for this purpose. 
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(/) An upright pillar, provided with * 

((/) An arm, from which to suspoiid the thermometer, and fastcJicd into 
(h) A stout stand or base of wood, hollowed slightly to receive tlfo larger 
glass vessel and keep it in its exact position. * 

The Process. —A. Melt the fatty matter in a wat^jr bath, carefully 
avoiding temperatures higher than 70'^ C., and pour into the smaller 
cylindrical vessel, until the fat in it stands to the heiglit of about 6-5 cm. 

11. Should the fat not bo perfectly liquid, the inner vessel may be jjut 
in the bath to romelt the mass. Do not hold it over a Bunsen liame, and 
watch that the temperature docs not rise above 70® C. 

C. Place the cylinder with the fat in, in the outer vessel, and so Hx 
the thermometer that it shall hang (the bulb) in the centre of the fat. Next 
stir continually, by giving the thermometer a quick circular movement, 
without allowing it to touch the sides of the vessel, but taking care that all 
solidifying particles as they form arc well stirred into the mass, 

^’he mass will gradually become clouded throughout and the mercury 
descend until it remains some moments stationary. Then stir gently three 
times to the left, and three times to the riglit, taking care that the bulb of 
the thermometer docs nob touch the sides of the vessel. 

The mercury will commence to remount; note the point to whicli it 
^tseends, and take this point as the setting point of the fat. 

‘Freedom of the Fat from Water. —It is essential that the fat before 
being [ilaced in the testing apparatus shall be free fiom water, but during 
the removal of the w'afbr it is necessary that no higher temper,iturc than 70* 

C. bo used, and that prolonged snhjectioii to this temperature should he 
avoided. Some operators take the cohl cake of fat and press it between the 
folds of blotting paper. Tliis is ohjoctionablc, as oftentimes a porthui of the 
softer fat is iibsorbed by the paper. Also be sure that the fat is 
saponified thoroughly, 

SOLIDIFYING POINT. 

This is, especially in tlic mineral oil tr.ide, taken at the point at winch 
tlie sample first shows a dullness on the surface wlien cooled in a beaker. 

‘ ^ COLD TEST. 

• The methods for taking the cold tests of oils an^ very varied, and unless 
the sample is carefully freed from impurities and moisture, and a very great 
deal more time spent over it than the value of the results warrant, the results 
awe as varieS as the methods of obtaining tliem. 

The cold test of lubricating oils varies with the care used in the removal 
of solid paraffins at the works, and of oleines and seed oils with the tem¬ 
perature of the press room, the tem])erature of the material pressed, and the 
amount of pressure used, so it is obviously useless to giv(? figures? 

It is essential that the cold test be taken of lubricating oils for outside 
purposes, and of oils for refrigerating macliines, tlie cold test noce&ijaiy vary--* 
ing with the temperature to which the oil may bo ex|>osed. 

The test finds jt8*grcatest use in works practice, where it*is often 
necessary to t|irn out large (pfantitics of material witli no morc^tliaii a ^ven 
variation in cold teat, and as from some inaterials it is impossible #to koup 
within the proscribed limits, this tost is useful in checking the mixing 
necessary to obtain the required tigures. • 
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Methods—Place a thermometer in a J-inch test tube; then pour into the 
tube sufficient of the sample to cover the bulb of the thermometer. An 1 i- 
cm. filtef paper is now pinned round the test tube, carbon disulphide dropped 
on to the hltdr p&per until the paper is soaked, and the oil constantly stirred 
with the thermometer; more car^n disulphide is dropped on to the paper as 
required, and the stirring continued until, on inverting the test tube, the oil 
no longer runs down the side of the tube. This point is read off and reported 
as the cold test of the sample. 

VAPOURISING POINT, FLASH POINT, AND FIRE POINT. 

Closed Test. —For oils of low flash, like lamp oils, etc., Abel’s tester is 
used ; for lubricating oils and cylinder oils the Ponsky-Martin pr Gray’s 
tester are used. 

Open Test. —Heating in a beaker or dish is the usual practice. ^Ou 
commencing to heat the beaker or dish, the surface of the oil is carefully 
watched, and the first sign of va]>our on the surface of the oil is noted and 
the temperature read oil'as the vapourising point of the oil. From this point 
the licating is coutinuod, and a flame of pea si/e, best obtained by using a 
mouth blowpipe as jet, is passed across the dish or beaker at a distance of 
half an inch above the surface of the oil. The temperature ;it which a blue, 
flame runs all round the pot is recorded as the open fla.sh point of the sample. 
On still continuing tho heating, and frequently applying the blowpipe jet 
to the surface of the oil, tho temperature at which the* oil continues to burn 
after taking away the flame is noted as the fii'o tost. Immediately this occurs 
the thermometer must be taken out of the oil or it may be .spoiled. 


TABLE OF OPEN FLASH POINTS. 



Faliiciibeit. 

Dlsliu-Alk-S — 

Sa]). .Source. 

lK‘gic(s 

FaliienlK’it. 

CaJstoi ofl, liists . 

b(>2 

56 per cent. H.ndgiease 

330 to 352 

,, bec*»JnU 

f.34 

80 ,, Soft „ 

346 

Cocoaiiutoil . 

3114 

66 ,, ILird ,, 

331 

Cotton oil, n;liii«Hl . 

567 to 60U 

90 Black oil 

382 to 340 

,, grease.-,, black 

360 to 366 

85 ,, Softguabe 

344 to 351 

,, atcaiiiicft 

354 

99 

75 ,, Black oil. 

50 ,, Kdlislilled re- 

343 ' 

Coha oil, lefined . 

Cod oil, Malabar . 

516 to OUU 
412 

359 

Jajiari tsh oil ... 

436 to 538 

covereil oleine^ 

339 

Lard oil .... 

Linseed oil .... 
„ boiled . 

629 t(. 600 
ovci 600 
422 

95 ,. Soft grease 

SrKAISINKft— 

M.P. Source. 

346 • 

Neatsfoot oil .... 

496 to 592 

115” K. Hard grease . 

359 

Neutral wool fat . 

498 to 500 

90” K. Soft „ 

346 

Olive oil •- . * . 

390 to 450 

106* F. Haid „ 

112* F. Black oil 

352 

,, sulphur 

Palm oil, Ufoactied. 

194 to 400 

341 to 354 

341 

lOO* F. Soft gteaac 

348 

Rape oil, ^lowu 

516 

110* F. ,, 

342 to 348 

Sperm oil ... . 

458 to 502 

94* F. 

341 to 343 

Salmon oil . 

450 

90* F. . 

132" F.illanl givase . 

340 

Tallow oil . • . 

419 

386 

Candle-maker’^oleine.s . 

S30 to 870 

lOS” F. Hlack oil . 

368 

Oteii^cs tfrom r<«ovei-cd [iro- 
ducts. . • • • 

• • 

t 

98* F. Hard grefise . 

328 to 336 

.330 to 860 

104" F. Black oil 

329 
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VOLATIUTY AT 212’ F. 

In oommorciai work the question often rises as to what is the maxinuuu 
loss that a sample would show on heating. ,, ,, 

This volatility is most variable, and may, in the case of the spirit <)il 
obtained at the beginning of recovered grease distillation, rise to over 
90 per cent. 

Ihc sample should always be filtered through a dry filter paper if there is 
any suspicion of water being present. 

Not more than 1 gramme of the sample is weighed accurately into a 
Petri dish of inches diameter, and the dish heated in the boiling-water 
oven until the difference between two weighings does not exceed 2 milli- 
grammes. 


Saiiiplo. 

• 

Loas at 212° K. 

Sample, 

Los. at 312" F. 


Per cent. 



Amei ic.in liaik cylinder oil 

0-0& to 7-10 

Piessed black ml 

2-66 

,, brouii oleine, 9.) 


Dry cleaner’s oknue ie->iduo 

9-93 to 55-00 

]>ei cent. 

0*07 

Kecoveied oleines, 80‘'(, sap 

0 94 

Belgian blown oleine, 9.'i 


M >» 70 ,, 

0-99 to 1 -51 

♦ ]>er cenlf 

0 4S 

», ,, 60 „ 

0-61 

Boiled oil subslitnfe used for 


r>o 

0*82 

Cole oil 

19-56 

Scotch niiiieial ml, 865.sp.gr. 

21-53 

ti II ,1 • 

19-13 

>> ,, 885 „ 

2-28 

II II ,, 

27-25 

Ti.instorniei ml, (J.ihcian . 

3-27 

,, ,, paint 111 ] 

24-75 to 36-17 

Spliit oil I’loin giease di^- 


E ■ Uacted black oil . 

10-24 to 29-3.5 

tillatimi. 

91-76 




SECTION III 

CHEMICAL EXAMINATION. 

WATER, 

Detection. —Water can always be detected by heating a few grammes 
of the sample in a porcelain dish over a ring Argand burner wliich inis been 
turned down until the llamo is non-luininous ; if water be present it wilTrise 
in the form of bubbles through the hot sample. 

The Argand is the most useful foriu of burner in an oil works laboratory ; 
when turned down until the llame becomes non-Iuminous, fats may be left 
over the burner for quite a while without any fear of burning. 

Estimation. —In mixtures containing light mineral oils, oils \\;ith iodine 
values, sulphonated oils from oils of high iodine values, lubricating greases, 
emulsion oils, etc, accurate results can only be obtained by distillation. 

Twenty-five grammes of the sample arc mixed with 50 e.e. of xylene and 
distilled. The distillate is collected in a graduated cylinder, and the di.stillation 
continued until no more water comes over with the xylene. The water collects 
below the xylene in the cylinder. If any drops of water adhere to the sides of 
the cylinder they may he coaxed down to the rest of the water witli a glass 
rod. When quite cold the number of c.c. of water are read oil’, the result 
multiplied by 4 giving the percentage of water in the sample. 

For ordinary samples about 2 grammes of the sample are weighed into 
a small beaker containing a glass ro<l, and the beaker heated in the w.iler 
oven until the sample is quite clear and free from small water drops on 
stirring with the glass rod. The beaker is then cooled and weiglied. It is 
quite useless to heat and weigh in an attempt to arrive at constant w'eight;- 
if this bo done the results in many ca.ses will not be as accurate <is by the 
aboi'C procedure owing to lactone formation, oxidation, etc. ^ 

For works purposes it will he found much <piioker to take a porcelain 
dish (size 00), put in a small glass rod, weigh into the dish about 10 grammes 
of the sample and heat over a non-luminous Argand flame, the dish hetug 
stirred continually until no more bubbles arc given oil': the heat must not 
be sufficient to cause the sample to give off fumes. The dish is then cooled 
and weighed. The loss of weight gives the amount of water in the sample. 

• . 

ASH IN OILS AND FATS. 

Weigh into a platinum dish 5 grammes of the sample ; heat slowly until 
the sample is charred, and incinerate at the lowest possible temperature; cool 
in a desfbeator^ and weigh. If an analysis of the ash i»rc(]uired, it is better 
to i^ppeat th^ process several times in the same dish, rather«than ashing a 
larger ifuantity at first. , • 

X complete analysis of the ash can then be made or any special 
•coustitueftt.sought for. 
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EXAMPLES OF ASH IN OILS AND FATS. 



Per cent. 

• 

Per cent. 

86 ]H5r cent, black oil. 

0-63 

Hempsecd oil, crude . . 

0-04 to O'OG 

80 ,, .... 

1-07 

Neutral wool fats 

traces to 0*19 

70 „ . 

2-68 

Linseed oil, Canadian. 

0*14 

00 „ * „ . 

0-38 

,, Plato 

0-05 to 0-20 

Bono fats .... 

traces to 1 '29 

Olive and Oleine grease 

0-16 

Cotton oil, Kgyjiti in, rolincd 
Gi’caac, palo liaid, Yoikahiro 
,, medium ,, 

0-01 to 0-08 

Recovered steorines . 

O'Ol to0'03 

0-37 

0'26 

Whale oil fatty acids, com¬ 
mercial . . . . 

0 05 to 0-07 


• NON-FATTY MATTER. 

The only class of samples in wlxich visible dirt can usually be seen are 
footy samples of fatty oils, but non-fatty matter in a very finely divided 
state may be present to the extent of 30 to 40 per cent. Fatty bodies of all 
descriptions really should be water free before starting to determino the non¬ 
fatty matter, and for this reason it is much better to take the residue from 
the water estimation, dissolve this in methylated ether (about 50 c.c.), and 
^Itcr through a dried and tared filter paper. The filter paper is then washed 
with ether until fat free; and it is easy to tell when this is the case, because 
when fat free the filter paper no longer shows transparent spots or margin. 

In the case of rec^’cred products, extractyig in a Soxhlet otters very 
little advantage unless the sample gives a clear ether solution, because the 
ether runs back into tho flask quite turbid, and lias to bo filtered afterwards. 
This filtration is often very slow owing to tho finely divided non-fatty matter 
stopping up the pores of the filter. 

* In the case of bone fats and commercial fatty acids the above process is 
liable to error unless the sample is free from metallic soaps ; for example, a 
sample of commercial fatty acids gave 9-21 per cent, of non-fats on extraction 
with ether, but on boiling 10 grammes of tho sample with dilute hydrochloric 
acid until the fatty layer was quite clear, cooling and pouring into a separator, 
the aqueous layer being run off, the fal dissolved in ether, and washed with 
water until acid free, and the ether run through a dried and weighed filter, 
the amount of non-fatty matter was 016 per cent. Foots from fatty oils 
i^ay also contain oxidised fatty acids insoluble in ether, and unless the ether 
residue be extracted with hot absolute alcohol before weighing, tho non-fatty 
matter may up to 15 per cent, in error. 

• 

FREE FATTY ACIDS. 

Volumetric Estimation. —The volnmetric motliod is usually used for 
commercial work, mid the results always calculated on ^Jie meam molecular 
weight of 282, which is that of oleic acid. 

The accuracy of the titration varies with tho variation of the molecular 
weight of the fatty acids present in the sample, and as those vary fi’om 260 
to over 400, the result of a titration on 282 may be almost 50 per ^cerit. in 
error. Tho titratioiiMoos not^tako many minutes, and when .tho molecular 
weights are approximately known, it is very convenient. • ♦ 

Two grammos of tflo sample are dissolved in 50 c.c. of alcohol (prtviqj.i8Ty 
neutralised with N/10 alkali, using phenolphtlialoiii as iruKcator) and 25 c.c. 
of motor spirh^ Titjjate the solution with N/10 potash, shaking tho time' 
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(if not well shaken the colour change is rather slow). The deduction to be 
made for the petrol is OT c.c. The number of c.c. of N/10 potash required 
when multiplied by 0T4 gives the percentage of free fatty acids calculated 
to oleic acid. 

The conversion of acid values to oleic acid may be done with siiSicient 
accuracy by dividing the acid value by 2 (actual divisor 1'98). 

For commercial fatty acids, recovered greases and their products, candle- 
maker’s oleines, stearines, etc., weigh and dissolve as before, but titrate with 
N/4 potash, and no deduction need be made in these coses. 

The following table will be found useful if copied out and hung by the 
side of the N/4 potash burette when many such titrations have to be made:— 


C.C. 

Per cent. 
Oleic. 

c.c. 

Per cent. 
Oleic. 

c.c. 

« 

Per cent. 
Oleic. 

« 

1 

3-63 

8 

28-20 

15 

r>2 88 

2 

7*05 

9 

31-73 

16 

66*40 

3 

10*58 

10 

85*25 

17 

69-93 

4 

14*10 

11 

38-78 

18 

63*45 

6 

17*63 

12 

42-30 

10 

66-98 

S 

21*16 

13 

45*83 

20 

70-60 • 

7 

24*68 

14 

49-35 

21 

74-03 

0 1 

0*35 

0*4 

1-41 

0*7 

2*47 

0*2 

0*71 

0*5 

1-76 

‘ 0-8 

2-82 

0*8 

1*06 

0-6 

2*12 

0*9 

3*17 


Gravimetric Estimation.—Weigh 2 to 10 grammes of the sample, 
according to the amount of free fatty acids shown by the titration, into a 300 
c.c. flask ; dissolve in 30 c.c. of petrol-ether (sp. gr. 0*64), warming if necessary; 
when cold add 25 c.c. of alcohohic potash (roughly N/1), shako well, and 
pour into a separator. After separation has taken place, run the soap solu¬ 
tion off, wash the petrol in the separator twice with cold water (25 c.c. 
each time), and once with 25 c.c. of spirit which has been previously saturated 
with petrol; after washing, run the petrol into a weighed flask, repeat the 
extraction and washing twice more, running the petrol from each extractioh 
into the same flask, then distil the petrol oH', and heat the flask in* the water 
oven until the residue in the flask is free from petrol. Cool, and weigh. Tnc 
residue in the flask consists of neutral fats and unsaponifiable. The weight 
of sample taken, minus tho residue in the flask, equals the fr^e fatty acids 
in the sample. * 

If further examination of the free fatty acids is required, tho soap solution 
and washings are united, heated on the water bath until all the alcohol is 
driven off,,the soap taken up in water, decomposed with acid, and the fatty 
acids shaken out with other moth, in a separator, tho acid liquor run off, and 
the ethor washed with water until acid free—four washings are usually 
suflScieot. The ether is then run into a weighed flask, the ether distilled off, 
the contents of the flask dried in the water oven, cooled, and weighed. 

• SEPAIHTION OF NEUTRAL FAT AND UNSAPONIFIABLE. 
•rife petrol rasidue from the*^ free fatty acid estimation is saponifled by 
boiling |or thirty minutes under a reflux tube with alcoholic potash about 
lyi, usin^ 25 c,f. *for every 2 grammes taken. Next add ^0 c.c. of water 

• • • 
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for every 25 c.c. of alcoholic potash used, then shake out three times with 
petrol-ether, sp. gr. 0‘64, using 30 c.c. each time and washing eacS lot of 
p'etrol twice with water and once with alcohol which has l&oen previously 
saturated with petrol, keeping both the soap solution and the washings. 
Hun the three petrol extracts into the same weighed flask. The petrol is next 
distilled off, the unsaponifiable dried in the oven, cooled, and weighed. The 
unsaponifiablo should bo kept for further examination. With the exceptions 
of Sperm oil. Shark liver oil, and Crude whale oil the above process may be 
used universally; crude whale oil is included amongst the exceptions because 
it sometimes contains crude sperm oil. 

Unsaponifiable in Sperm Oil, Shark Liver Oil, and Crude 
Whale — Saponify 2 grammes as before, and then drive off the 
alcohol on the water batli until the soap in the flask only smells faintly of 
alcohol; dilute with 50 c.c. of water, and extract three times with ether meth., 
washing each lot of ether twice willi water, keeping the soap solution and 
washings as before. If the above be carefully done, no trouble will bo caused 
by emulsions, which form both in alxsence of alcohol and also when too much 
alcohol is present. 

Wc have no means of separating the neutral fat in a sample as such, but 
c^ui only 9ej)anite the fatty acids from it,—that is, the combined fatty acids 
of the sample—and examine tliem. 

The soap solution and washings from the unsaponifiable estimation are 
united, evaporated dowfl on the water bath until alcohol free, the soap taken 
up in water, decomposed with acid, and poured into a separator and shaken 
out with ether twice, each time waaliitig the ether with water until acid free; 
tile ether is then distilled off, and the fatty acids in the flask dried in the oven, 
cooled, and weighed. The fatty acids are kept for further examination. The 
total saponifiable contents of the sample consist of the free fatty acids plus 
the combined fatty acids. 

IODINE VALUE. 

The iodine value of oils and fats is of the greatest value when the purity 
of a single oil or fat is in question, or when determining the composition of a 
mixture, if the constituents but not the proportions are known. The additive 
nature of tHie iodine value makes it possible to calculate what the iodine value 
oPu mi.xturo of any number of oils will be, provided always that we know the 
iodine values of the oils used in making the mixture. This additive nature 
of the iodine ^alue also means that the presence of semi-drying or drying oils 
in H mixture can be completely covered up by mixing with oils of low iodine 
value. This of course very much reduces the usefulness of the iodine value 
when examining mixtures, and after all in commercial work far more mixtures 
are met with than pure oils. Mixed oils can bo found on tlie marl^et with an 
iodine value of from 60 to 70 and yet containing a heavy percentage of semi- 
drying oils. , 

When it comes to the matching of a mixture, additive figures are necessary, 
and the only additive figures we have are specific gravity, refractive index, 
iodine value, and saponi^ation^valuo. , 

Many procei^es have been brought forward for the determiintion of the 
iodine value, but the original method of Hubris still the standard; and^f q^r^ 
be taken to have an excess of 100 per cent, of iodine still j^’esent when the 
absorption is at an end, the only objection that can be raised to thc^ptocess is 
the time requirld, anePeven this objection can be largely done away ^i^i if tlfe 
* • • 
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oil be weighed out and the iodine added last thing in the afternoon, allowing 
to stand overnight, and the titration be performed next morning. 

The HhblfProcess. —26 grammes of resublimM iodine are dissolved in 
500 c.c. of absolute alcohol, and 30 grammes of mer<ftifio chloride are also 
dissolved in another 500 c.c. Of absolute alcohol. These solutions are kept 
separate and the amount required prepared by mixing equal quantities of the 
two solutions twenty-four hours before using. For the titration, 24 gi^mmes 
of sodium thiosulphate are dissolved in 1 litre of distilled water. 

Yolhard’s method of standardising the sodium thiosulphate is very con¬ 
venient, and the only solution required is made by dissolving 3*8774 grammes 
of pure fused potassium dichromate in 1 litre of distilled water. This 
solution will keep indefinitely. 10 c.c. of a 10 per cent, solution of potassium 
iodide, 5 c.c. of hydrochloric acid, and 20 c.c. of the diohromatc solution are 
mixed iu a porcelain dish, diluted with 50 c.c. of water, and titrated with 
the thiosulphate solution until the solution is straw coloured. 1 c.c. of a 
0*5 per cent, solution of starch is added as indicator, and the titration con¬ 
tinued until the blue colour of the solution just disappears. The thiosulphate 
solution should be dropped into the diohromatc, not run in, as when added 
too quickly it is more difficult to obtain results which agree. Tw'o titrations 
should not differ by more than 0*1 c.c. of thiosulphate. Since ^ach cubic 
centimetre of the dichromate solution liberates 0 01 gramme of iodine, the 
20 c.c. used will liberate 0*2 gramme of iodine. 

The chloroform used as solvent for the sample should be the purest that 
can be obtained, preferably Duncan’s ll.P. Carbon tetrachloride may be 
used as solvent in place of the chloroform. 

Amount of oils and fats to be weighed out:— 

0*1 gramme of resins. 

0*15 „ „ drying and semi-drying oils. 

0*3 „ „ non*drying oils. 

0*5 „ „ solid fats. 

1*0 „ ,, mineral oils, mineral waxes, and white stearines. 

The sample is weighed in a weighing bottle, and the reejuisito number of 
drops dropped into a 12-oz. narrow-mouthed stoppered bottle, dissolved tn 
10 c.c. of chloroform, and 25 c.c. of the mixed iodine and mercuric chloride 
solution added; the bottle is then stoppered up and placed overnight iif a 
dark cupboard. Next morning 16 c.c. of a 10 per cent, solution of potassium 
iodine are run round the bottle stopper and neck, 150 c.c. of distilled water 
added, and the bottle shaken ; the excess of iodine is then titrated back yvith 
the thiosulphate solution, using starch solution as indicator. During the 
titration, if the bottle be rotated in an upright position on the bench, and then 
tipped to an angle of 45 degrees whilst the contents are still rotating, this 
method of shaking will be found to aid the extraction of the free iodine from 
the chloroform and shorten the time required for the titration. One blank 
test should be put on for every ten tests that are started together; this blank 
. ehould oe titrate after the fifth test. If the number of teste is more than ten, 
one blank must be titrated before the first test anc^the second blank after 
tl^e last test,* and the average of the two takdh as the titration of the blank. 

• I^Wijs^method is used it is much cheaper to prepare tlie iodine chloride 
in*the laboratory by dissolving 13 grammes of iodine in 1 litre of glacial 
acetic acid, and pass a current of chlorine through the solution until the 
<lolour ofc the eolation changes to a decidedly paler shade. The solution thus 



obtained is used in tife same way as the Hubl solution, except tha4 the time is 
so much shortened that in every case the titration can bo made after only four 
hours' standing. This will be found long enough even for resins which have 
the highest iodine value of any oil or fat yet examined. A farther advantage 
is, that the solution is so stable that a blank need only be made every month. 
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Animal oil, pale 

64*2 to 71-6 

Distillate from Seconds of 


,, brown . 

63’3 

grease dis- 


Arachis oil, i-efined . 

88 

tillation . 

48*2 

Black oils. 

40-1 to 81*9 

,, Redistillation 


,, extracted . 

19’3 to 86*0 

of medium 


,, pressed 

19-1 

gi'ea.se 

36*9 

Blown coflton oil 

55-9 

,, Redistilled 


,, Kast India rape oil. 

62-2 to 66-9 

hard greaso 


y Block Sea rape oil . 

60-0 

(French). 

38*0 to 88*1 

,, whale oil . 

64*8 to 67-2 

Fatty acids from— 


Boiled linseed oil 

122*1 tolG5-3 

Palo animal oil, commer. f.a 

68*6 

,, ,, substitute 

57 to 109*7 

Castor oil, firsts, ,, 

89*1 

Bone fftt, lH)iled 

62-9 to 53*4 

,, seconds, ,, 

89*1 

,, extracted . 

64*6 to 58-8 

Cotton oil, ,, 

106*4 to 111 *3 

Camoline oil, refined 

155*6 

Fish oil, ,, 

1437 

Castor oi^ firsts 

81*7 to 86*7 

Japan fish oil, ,, 

128*6 

,, seconds 

84*7 to 86*5 

Linseed oil, ,, 

167*7 

,, miscible . 

79*4 

Maize oil, ,, 

119 7 to 127 1 

Cod oil, crude datk . 

16.^ *6 

Rape oil, ,, 

148*9 

,, ,, British •. 

147*2 to 169 

Soya bean oil, ,, 

124*1 tol41 

,, ,, Scotch 

184*8 

Whale oil, 

107 *210136*6. 

,, Coast . 

134-8 

Turkey i*ed oil 50% 

71*0 

„ „ Hull . 

157*4 

• 60% Black oil 

60*1 

,, Japanese yellow . 

147*2 

66% Grease distillate 

26*7 

,, Newfoundland yellow 143 r» 

70/76% 

36*9 

* „ brown 

138*4 to 142*8 

Soft grease , 

67*6 

Cocoanut oil . 

10*4 

Haid „ . . . 

.27-0 

,, pressed. 

8*6 

60% Oleine . 

467 to 61 *2 

Colza oil, English 

94*3 toll3*8 

47%. 

47*2 

,, German 

107-7 

Black oil stearino, 100/106 


,, Stettin . 

99*6 to 106 

M.P. 

26*2 to 29'4 

Cotton oil, e<iible Egyptian 

105*4 

Fish cake, white 

72*2 

,, Bombay, refiiml 

104 

,, yellow 

101*6 

,, refined 

99*1 to 103 

,, brown 

68*8 

,, • ,, filtered . 

102 to 107*4 

Gas oil from grease distilla- 


* Distillate fmm Malabar cod 


tion .... 

48-9 to 60-2 

fatty acids 

57 0 

Soft greases . 

25*2 to 847 

,, Sea elephant 


Medium . 

26*8 to 41*8 

^ oil, fatty 


Hard ‘ • 

23-8 to 48*8 

• acids 

65*3 

American half-white oil— 


,, Whale oil, 


sp. gr. *8486 . 

9*1 

fatty acids 

74*8 

,, *8574 , 

9*0 

,, 60 per cent. 


„ *8690. 

7*8 

Black oil 

64-7 

Ilempseed oil. crude. 

161*8 

,, Extracted 


Herring oil, dark 

fl0’3to1171 

Black oil 

16*8 

Horse oil . 

767 

,, .Soft greases 

52*9 to 64*7 

Hot neck grease 

26*7 

,, Medium grease 86 '9 to 61 *6 

Hot press oil (candle-maker's) 71^ 

,, Hard grease 

40 8 to 49*4 

Ilhpe butter 

60*3 

,, Redist. yelk)w 

Japan fish oil . 

101*9 tol21*l 

stearine . 

45'* 

Lard oil, prime. .* 

70 -6 to 74*8 

,, 'Daa oil from' 


,, extrawinteratrsinsri 69*8 to 7<'6 

grease dis- 


Liiii^eed oil, Canadian 

186 • , • 

tillation . 

60*7 

,, Plate 

171*8 
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Menhac^n oil. straw. 

147'2 

95/100 per cent. Oleines— 


„ * brci^n 

166 -2 to 189 -6 

English brown, distilled 

83-4 to 84-4.' 

American pale mineral oils— 


French white, ,, 

84*4 

Mineral colza, Petiua . 

2-4 to 8-0 

,, brown, „ 

Fish brown, saponified . 

78-3 to 88-9 

800/865 neutral, ,, 

8*8 to 11-2 

138-6 to 163-8 

880/886 

10-4 

,, distilled 

Spanish brown, saponified 

86 -1 to 97 

880/885 

16 -6 to 18 4 

80 

885/800 neutral, ,, 

12*4 

Soya beau brown .saponifitd 120 '4 

890/896 

6-7 

Recovered oleines, 40% 

617 to 66-6 

900/905 

11-7 

46% . 

64-4 

000/907 

97 to 10-5 

50% . 

67-2 to 58-8 

905 

8*4 toll-1 

„ 65% . 

65-7 

912/916 

000 spindle, Mexican 

7 '9 to 8 -5 

M „ 00% . 

60-2 to 66-9 

7-6 

„ „ 66% . 

6!?-6 to 62-8 

020/025 pale Texas 

9-2 

70% . 

62-4 

930/936 

American red mineral oiK— 

9-2 

„ 80% . 

66-0 8 


,, ,, French 60'^ 

61-2 to 61 6 

012/915 Penna 

10-7 to 16-3 

,, ,, cotton 50/55% 


926/930 Kansas 

8-9 

filtered . 

68-7 

920/930 Texas 

12-4 to 22-1 

,, „ cotton 70/75% 


930/940 „ 

Amencan filtered cylinder oils 

12-9 

filtered . 

72-6 to 79-9 

— 

Olivo oil, Algerian 

82-3 to 85-6 

885/890 high cold test . 

6-9 to 10-3 

,, Candia . 

79-,8 to 88-8 

880/890 low lold test • 

8-8 to 13-3 

,, G.illipoli . 

78 

Dark cylinder oils 

11-3 to 177 

,, Malaga 

82 to 86-5 

American black mineral oils— 


,, Pharma . 

86'6 to 85-9 

910/916 

19 3 

,, Seville® . 

83-6 

Texas cmde. , 

131 

,, Sinyi-na 

83-2 

Galician mineral oils— 


,, Substitutes 

P.ilm oil . 

59-9 to 947 

880/886 pale . 

10*4 to 13-2 

51-4 to 53-8 

900/905 . 

6-1 

,, ble.ichfMl 

Parafi'm wax, Scotch, 110/112 

51 1 

915 . 

8 9 


Roumanian residuum 

17-8 

M.P. 

10-5 

Russian mineral oils— 

895 spindle . 

2-6 to 3-0 

., 118/120 
M.P. 

4-9 

907 engine . 

3-0 to 8-5 

„ 12')/1‘27 


912/915 red cyliudei 

lO-O 

M.P. 

3-3 

Kerosene residuum . 

6-9 

,, Ameiican, 100/108 


Scotch mineral oils— 


M.P. 

5-4 

860/868 

28-8 to 41-6 

,, ,, 120/122 


880/885 

20-2 to 22-2 

M.P. 

1-9 

Neatsfoot oil, English 

58*4 to «3-2 

„ „ 135/140 

• 

,, ,, filtered 

70-6 to 75-1 

M.P. 

1-0 

,, N. American 

60-7 to 71 

,, ,, 130 yellow 


,, filtered 

70-6 to 71 

scale . 

3-6 

,, S, American, 


Petroleum jelly, wliito 

♦ 6-7 to 8-1 

filtered 

69-1 to 72*6 

,, ,, yellow . 

Pitches, mineral oil, Peimsy!• 

9-1 toll-g* 

Neutral wool fat 

19 7 to 22-7 


95/100 (>er cent. Oleines— 
Australian white, distilled 

77-9 to 79 6 

Vania, 
180 M.P. 

42-7 

American . ,, „ 

,, brown, ,, 

82-1 to 113-3 

,, ,, Kansas 

31-2 

76-8 to no 

,, ,, Russian, 


Belgian white, ,, 

827 to 84-4 

150 M.P. 

66-1 

„ brown, ,, 

,, •white, saponified 

80 6 to S77 

,, wool grease, English 

29-6 to 46-2 

69-6 

„ „ French. 

Itape oil, Black Sea, crude 

88-1 

,, brown, ,, 

66*4 

110 3 

Cotton*brown. distilled. 

88-4 to 99-5 

” ” * *^fined 

„ ^2ast India, ,, ^ 

L08‘6 to 114-3 

Dutch white.* ,, 

82*2 

101 to 107-6 


8-2-3 to 86-1 

,, German 

99-5 

white, ,, 

• 

847 • 

,, Jamba 

102 
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Rosin, American K . 

200-2 

Stearino, i-ccoverod, . 

• 

'• ,, French K 

223-8 

Iiale, 100 MTP. 

24-4 to 3S-9 

„ „ WW . 

228-6 

,, ,, „ lOOGOS 


,, Greek . 

Liquid resin 

222-6 

M.P. from 


145-7 

black oil 

32-9 to 34 3 

Resin oil, pale neutral 

84 2 

„ 110 M.P. 

26-8 to 31-4 

,, ,, refined 

27 to 60-1 

., „ IIOM.P., 


,, dark ,, 

63-8 

cotton 

91-9 

,, ,, sweet refined 

52-9 

,, M 110/115 


,, gi-case making . 

77-4 

M.P . 

23-9 

,, ,, strong 

Uice oil, English 

59 7 

,, 120/125 M.P. 


96-6 to 107-9 

pale, fioin 


Salmon oi|^ Califurnian 

146-2 

greases 

12-2 

Sea elephant oil 

117-4 to 120-6 

,, 120/125 M.P. 


Seal oil, water white 

147-9 

yellow 

29-8 to 31-8 

straw . 

124-4 tol42-r) 

,, 130/135 M.P. 


Seconds from hard grease 


p.dc . 

11 -2 to 21 -4 

dLstillatiou . 

39-8 to 41-7 

.. .. 130/135 yellow 

17*7 

Shark liver oil, refined 

106-4 

., 140/145 M.P. 


Spirit oil from gieaso dis¬ 
tillation 

56-6 

cholesterine 
wax . 

34-4 to4l-4 

Soya bean oil, English re- 


Tallow mutton . 

39-4 

^ ♦ fined 

116 2to 136-1 

.. ,, No. 2. 

48-6 

,, ,, Manchurian 


,, beef No, 2 

Tea seed oil, uTinwI . 

61-4 

reiined . 

136-3 

84-1 to 84-7 

Sulphonatedoils, 70% castor 

53-7 to 58-1 

Tung oil .... 

158 7 

„ ,, 60% „• 

31 

Uusap. from 60"/, black oil 

33-4 

M 25% ,, 

19-1 

,, liurdgieasti . 

47-4 

,, ,, 50% maize 

33-3 

,, 66%distinato 

63-9 

,, ,, 60% seal 

46-4 

„ 75% 

71-5 

,, ,, darksoluble 


.'^0% „ 

,, 70% oleine . 

67-7 

leatlier oils 

52-1 to 80-8 

68-3 

,, ,, pale soluble 


„ 60% „ . 

62-4 

leather oils 

28-2 

60% „ 

67-9 

,, ,, rnonopol oil 

47-1 

,, neutral wool fat 

32-1 

,, ,, ,, soap 

Sperm oil, Arctic 

40-8 

„ 100/105 M.P. 


72-4 to 84-8 

pale stearino 

47-2 to 49-8 

,, Southern . 

79-8 to 80-3 

Walnut oil 

128 3 

Stcarinc candle, 122 M-P. 

•23-4 

*Wb.ile oil No. 0 

105-8 to 133-4 

.130/135 M.l‘. 

9-4 to 11-8 

,, No, 1 

119-7 

,, recovered, white, from 


No. 2 

108-7 tol28-2 

_ * black oil, 


No. 3 

114-8 

115 M.P. 

25-1 to 2S-7 

No 4 

121 5 


• SAPONIFICATION VALUE. 

The saponification value of an oil or fat is the number of milligrammes of 
caustic potash required to saponify 1 gramme of the oil or fat; this figure 
is of course ten times the percentage of potasli required to simonify the 
sample, and in commercial work the percentage of pfttasli ia*tho figure 
generally required. 

Two to three grammes of the sample (not more) arc weighed into a 
resistant glass flask, 25 o.c. of approximately N/1 alcoholic potash added, and 
boiled for thirty miputes under a reflux condenser. After cooling, the 
contents of thj flask are baefl titrated with N/2 hydroohlorlfc acid, usijng 
phenolphthalein as indicator. A blank test must bo made with e^oh bjtoh of 
testa started, the number of cubic centimetrfis of acid used ^or the back titra¬ 
tion is subtracted from the number of cubic centimetres required* for the 
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blank, then the difference multiplied by 0-2805 and divided by the weight of 
the eaipple taken gives the saponification value of the sample. 


Sample^ 

Saponifi* 

CATION 

Vai.ueh. 

Sakple, 

Saponipi--* 

CATION 

Values, 

Aftimal oil, pale . 

,, ,, browii 

Arachia oil, reiincd 

Black oil, recovered 
ft M » extracted 

Blown East Intlia rape oil . 

,, Black Sea rape (ravjaon) 

„ cotton oil . 

,, whale oil . 

Boiled linseed oil . 

,, ,, substitutes 

Bone fat ... . 

Ca.«itor oil, fii-sts 
,, ,, seconds 

Oolsa oil, Stettin . 

Cocoanut oil, pressed . 
Csmelino oil, reGncd 

Cod oil, British cmcle . 

,, ,, ,, tanked. 

,, ,, Ja{>anose. . 

,, ,, Newfoundland. 
R^overed grease distillates 

80 percent 
„ „ „70percent. 

Fish stearinc, mle 
,, ,, brown 

R^ovored grease, soft, under 
20 per cent unsap. . 
Recovered grease, medium, 
under 28 per cent, unsap. . 
Recovered grease, hard, over 
28 per cent, unsap. . 

Japan fish oil . ■ . 

Lard oil, extra 
,, ,, prime 

„ ,, brown . 

Linse^ oil, Baltic 
,, ,, Canadian . 

Menhaden oil, brown . 
Neatsfoot oil, filtered 
„ ,, unfiltered 

„ ,, American 

05/100% oleines, American 
brown 

„ e,, Belnan white 

„ M fin^ishbrown 

,f » II French white 
It • II »i brown 

196 to 198 

195 

198 

119 to 198 
86 to 46 

188 to 213 

214 

215 

214 

184 to 188 
80 to 98 

196 

178 to 183 

169 to 178 
178 

264 

189 

170 

180 

187 

187 

168 

144 to 148 

197 

198 

160 to 180 

-160 to 160 

91 to 130 
184 to 185 
192 to 198 
197 to 201 

199 

188 to 191 

192 

186 to 189 
1S8 to 198 
194 to 198 

193 to 204 

194 to 200 
196 

180 to 195 
205 

204 

Recovered oleines, 70 l)er cent. 

* saponifiable 

,, ,, 66 per cent. 

saponifiable 
,, ,, 60 per cent. 

saponifiable 
,, ,, 65 per cent. 

saponifiable 
,, ,, 60 per cent. 

saponifiable 
,, ,, 46 per cent. 

saponifiable 

Olive oil, Algerian ^ 

,, ,, Candia . 

,, ,, Gallipoli 

,, ,, Malaga . 

,, ,, Seville . 

,, ,, Smyrna. 

,, ,, Sulphur 

,, „ SuMtitute 

Palm oil • * • 

,, ,, bleoched. 

Rape oil, Black S«a (ravison) 

,, ,, East India, refined . 

,, ,, Jamba . 

Sardine oil , . . 

Seal oil, white 

Sea elc]>hant oil . 

Sperm oil, Arctic . 

,, ,, Southern 

Soya bean oil, refined . 
Recovered stearines, pale 

100/106 M.P. 

11 II 

110/112 M.P. 

II II 

120/122 M.P. 

II II 

130/135 M.P. 
II 11 yellow 

pale 136/140 M.F. 
Tung oil ... . 

Tallow beef .... 
Walnut oil, refined 

Walrus oil, refined 

Whale oil, No. 1 . 

.. 2 . 

„ „ „ 3 . 

152 

146 

147 

,167 

118 

104 

182 to 198 
188 to 198 
180 to 195 

186 to 193 

187 

495 , 

194 to 213 

164 

201 to 215 

202 

179 

169 to 177 
162 

193 

196 , 

188 to 194 
111 to 139 
120 to 138 
191 to 197 

160 to 195 

165 

'121 » 

130 

164 . 

197 

193 

165 

195 

195 

184 to 195 

196 


• DETERMINATION OF VOLATILE F,ATTY ACIDS. 

• The Reifhert^MeissI value is usually taken as the measuie of the amount 
•f yoItKile fatty acids present in,a sample, but, at the best, it only account) 
for 80 per cent, ef the total present. _ » 

RelCljiert-I^issl Value. —Take a flask of about .300 )J.c. capacity anc 
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weigh into it 6 grammes as near as possible of the sample, add 2 grammes 
of stick caustic potash and 25 c.o. of alcohol, fit flask with reflux tube, %nd boil 
the contents for thirty minutes. The flask is now uncouplec^ frqpi the reflux 
and heated on the steam bath until all the alcohol has evaporated off (this is 
most important). Add 132 c.c. of distilled water to the coirtents of the flask, 
and warm until the soap is completely dissolved. Then add 8 c.c. of sulphuric 
acid (made by mixing one part of concentrated sulphuric acid and four parts 
of water, both by volume), next add two or three pieces of pumice about pea 
size. Tiie flask is now coupled to a bulb tube, to prevent spirting, and to a 
condenser, and the contents of the flask warmed until the fatty layer is clear, 
and then boiled \mtil 110 c.c. have distilled over. The distillation should bo 
completed in about thirty minutes. The distillate is now mixed and filtered 
through n»dry filter paper, rejecting the first 10 c.c. that comes through. 
100 c.c. of the filtrate arc titrated with N/10 caustic potash, using phenol- 
phtUilcin ns indicator. Increase the number of cubic centimetres of N/10 
alkali required by 1/10 (to allow for the 10 c.c. of the distillate not titrated). 
The number of cubic centimetres of N/10 alkali which would have been 
required if exactly 5 grammes of the s.ampie h.ad been taken is now calcul.ated. 
The result is the Ueichcrt-Meissl value of the sample. 

lleco^ered greases over 28 per cent, unsap. . . 3-9 to .5'94 

" Neutral wool fat ...••■• 3'21 to 579 

Pressed black oil ....... 171 to 3'39 

If the determinatiorf of the whole of the volatile fatty acids present in the 
sample is required, the process is carried out like the lloiehert-Meissl, so far as 
the saponification, cvaixiration, and decomposition of the soap. Then the 
distillation fl.ask must be coupled to a flask or can for generating steam ; the 
steam is blown into the distilling flask, and the distillation continued until 
l&O c.c. of the filtered distillate do not require more than O’l c.c. of N/10 
alkali for neutralisation. 

TOTAL INSOLUBLE FATTY ACIDS. 

The Hchner value has no meaning except in the case of fatty oils contain¬ 
ing practically no alcohols except glycerol and free from other unsaponifiable 
matter. With many commercial products this determination is only fatty 
s^ids plus* un^iaponifiable matter, unless one extracts the soap solution with 
ether or petrol first. 

Hehner Value. —Saponify 4 grammes of the sample with approximately 
N/1 alcoholi* potash, and evaporate to a paste. Then dissolve the soap in 
water and wash into a weighed beaker, using in all 400 c.c. of water, add 
excess of hydrochloric acid, and heat until the fatty acids have collected into 
a clear layer on the surface (in the case of liquid bodies 5 grammes of paraffin 
wax must be added in order to provide a solid cake when coJ,d), cool thoroughly, 
-pour the aqueous liquor through a filter, and wash the cake with cold water 
fvithout removing it from the beaker. Stir up the fatty acids in the beaker 
With 260 c.o. of hot water, cool thoroughly, filter, and wash the cake again. 
Repeat .this treatment three times. After a fin.al thorough washing with 
cold water, place the beaker coj;itaining the fatty acids beneath Uie funnel, and 
dissolve any fatty acids which the filter carries by washing tiie filter with 
Absolute alcohol, allowing the alcohol to .run into the beaker cotftaipu% 
the fatty acids, evaporate off the alcohol, and dry to constant weight in the 
water oven. 



OILS AND FATS. 


T}ic aboVe is not the original method of Hehner, and usually gives results 
higher by 1 to 2 per cent, than the original. The washing of the fatty 
acids on the filter, which was the original method of Hehner, so very often 
resulted in ^ob&les of fatty acids being found in the filtrate, that any means 
of avoiding this washing is to bo welcomed. The process as given above is that 
used by the Government laboratory at Somerset House. The chief value of the 
above process is in detecting the addition of oils containing a fair percentage 
of volatile fatty acids, such as dolphin or porpoise oils, say, in crude whale. 
It will be found useful to chock all marine animal and fish oils in this way at 
regular intervals. 

MACKETS OIL TESTER. 

This and the heating tost with sulplniric acid are the quickest^means wo 
have for deciding as to the safety (for insurance purposes) of oils xised in the 
textile trades. 

The Mackey tester may be procured from lieyiiold’s Branson of Leeds, 
and full instructions are given with the apparatus. 


TABLE OF RESULTS OBTAINED WITH MACKEY TESTER. 


Oil. 

Teniperaturo F. in one Htftir. « 

American, 95 per cent, brown Oleine 

210 • 
300 in 50 minutes 

800 in 75 minutes 

.•in n n 

209 

300 in 75 minutes 


207 

300 „ 80 

216 „ 2 hours 

„ .. wl'i*" 1. 

210 

201 

215 „ I. M 

Australian, ,, ,, ,, ,, 

•205 

208 „ M • 

Belgian, „ ,, brown ,, 

Cotton oil, refined. 

200 

300 in 55 minutes 

206 ,, „ ,, 

English brown, 95 per cent. Oleine . 

213 

300 in 80 minutes 

200 

202 in 2 hours 

,, pale ,, ,, .» • 

203 

209 ,, „ „ 

203 

300 in 101 minutes 

Fish oil fatty acids. 

205 

300 in 35 minuter 

300 „ 76 „ 

French brown, 96 i>er cent. Oleine . 

188 

206 in 2i hours 

,, p&le „ ,, . 

9 olive oil, 1 seal oil. 

204 

285 „ „ „ • 

203 

215 „ „ ,, 

Olive oil, substitute. 

240 

300 in 82 minutes 

Sea Elephant oil. 

Sea! oil, white. 

265 

800 ,*63 „ 

280 

300 in 48 minutes 

300 ,*65 „ • 

Soya Bean oil, refined .... 
Whale oil, white. 

220 

300 in 37 minutes 

300 in 89 minutes 

Cotton Oleine, 70j)ercent. 

Wool grease Oleine, ,i . . 

204 

300 in 2 hours 

205 

300 in 96 minutes 

226 

300 „ 80 „ 

• 

204 

300 „ 94 ,, 

215 in 2 hours 

' a .... 

206 


203 

217 „ 

300 in 90 minutes 


201 • , 

'» ft 

198 • 

300 „ 90 „ 

V ” d . 

207 

300*,, 79 „ 


201 • 

206 in 2 houn 

.. • . 

• 

204 

207 „ „ „ 
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SPECIFIC TEMPERATURE REACTION. 

This ia tho form given to tho Maumeno test by Ballantyno and Thomson. 
Originally Maumcne took 50 c.c. of oil, added 10 c.o. of concenti*at(id sulphuric 
acid, and stirred with a thermometer until the mercury ceased rising and the 
highest point reached was read of!', then the higliest point reached minus tho 
original temperature of the oil and acid gives the Maumene value of the 
sample, 

It was found later tliat a difference of 2 or 3 per cent, in the acid content 
of the sulphuric acid used made a considerable difference to tho results. 
Thomson and Ballantyno found that if a blank test was made, using water 
instead of oil, and the rise obtained with water divided into the rise with oil 
and the result multiplied by 100, the difference in the tost of the acid used 
did not afFetl tho result, which they called the specific temperature reaction. 

The proposal to add mineral oil with a known test to keep down the liigh 
rise given by drying and fish oils is of no value, but an actual hindrance when 
examining mixtures. 

Although this test lias had ridicule heaped upon it because it is only 
supposed to give in a poor way tho information given with accuracy by the 
iodine value, it really gives information in one operation, and that only a 
short one, which the iodine value of the same sample would not give a trace 
of* Take the case of mixtures containing drying or semi-drying oils. A 
mixture had an iodine value of f)2’3, had no bloom to indicate mineral oil, 
contained no dinitro-naphtlialcne, and yielded no yellow colouring matter to 
alcohol, and therefore contained no dcbloomed mineral oil, so tliat the iodine 
value fi2*3 would not lead one to suspect tho presence of semi-drying oils; 
nevertheless, the sample had a specific temperature reaction of 106, which 
gives immediate indication of semi-drying oils. 


• TABLE OP VALUES OBTAINED WITH BALLANTYNE AND 
THOMSON^S METHOD. 


Oil. 

SPRCIKIC TRMI'ER- 
A'l LiltK RkACI ION. 

Oil. 

Specific Tempek- 
ArUKK Rkaciion. 

Asiiorican, 95';;, Oloiiie 

Degieos F. 

English, 95% Oleine 

Degrees F. 

white 

,, ,, Oleiiio 

102 

s,i|). brown 

French, 96% Oleine 

100 

brown 

109 to 133 

blown 

107 



Olive oil 

91 

. 

blown 

Australian, 95% Oleine 

97 

,, ,, substitute 

itivpe oil, East Infiia, 

106 to 117 

white 

7r. 

lefitiecl . 

113 

Belgian, 95% Oleine 


Ravison, rotinod . 

117, 

white 

107 

Sival oil, white . .• 

186 

,, ,, Oleine 


Soya Bean oil, retined . 

173 

bi*own 

9G 

Wool grease Oleines, 

• 

Cotton oil, rerintH] 

164 

goiniine . 

82 to #0 

Dll tch,96";^,Oleino white 

88 

Wool gioaae Oleines 


English, 95% Oleine 

« • 

containing resin^ 

132 to rtf. 

white 

• 

120 • 


• • 


To gain as much information from tho fodine value oiiq would have *to 
separate first free fatty acids, then the unsaponifiable matter, and finiflly the 
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fattjr acids of the portion originally present as neutral oil. The iodine value 
of these last fatty acids would then give the information obtained in a few 
minutes by/.he,8pecific temperature reaction. It must not be forgotten that 
it is not possible to calculate what the specific temperature reaction of' a 
mixture will I>o from the figures given by the constituent oils. When the 
analysis of the above mixture was finished its specific temperature reaction 
calculated from the constituents was only 88 against the actual figure 106. 
The specific temperature reaction being constitutive and not additive explains 
why it is of such great value in the examination of mixtures. 

The procedure of Thomson and Ballantyne should be followed, and the 
reaction carried out in a Dewar vacuum tube. 

LACTONES. , 

The presence or absence of lactones is at present without commercial 
significance, yot their presence makes large errors possible in the determi¬ 
nation of the molecular weight of the fatty acids from all products that 
contain lactones. 

Determination. —About 5 grammes of the sample are weighed into 
a flask, dissolved in absolute alcohol, warming if necessary. When quite 
cold, phcnolphthalein is added, and cold alcoholic potash is run in until the 
solution is alkaline. The cold solution is then extracted with (?ther meth. 
twice, the ether is washed twice with water, run off into a weighed flask, the 
ether distilled off, and the lactones in tlie flask dried in the oven and weighed. 

Lactones may be determined volumetrically, but those present are not 
always stearolactone (molecular weight *282), which is the lactone usually 
calculated to. 

PERCENTAGE OF LACTONES. 

Wool grease Stearines . 0'8 to 3’6 per cent. • 

* ,, Fatty acids . . Always present; it is doubtful if a sample 

of wool grease fatty acids has yet been 
prepared free from lactones. 

Hard Yorkshire Grease.— -The total saponifiable matter from a 
sample of hard Yorkshire grease contained 10 85 per cent, lactones, determined 
gravimetrically; and the molecular weight of the fatty acids after removing 
the lactones was 342. 

The saponifiable matter from the same sample was heated in the boilkig 
water oven for further periods to determine the rate at which the lactones 
are formed, and each time the molecular weight of the fatty acids was 
determined in order to find if possible whether the fatty atids that form 
the lactones are those of high or low molecular wcighl. The following figures 
also give an idea of the accuracy obtainable in such experiments:— 


PSRCESTAOR 

Saponifiablv 

- PAicentaoe Lobs after Heatimo for 

% 

Lactokbs. 

Molbodlab 

Wbioht 

MatIisk. 

. • 

8 Hours. 

16 Hours. 

24 Hours. 

32 Hours. 

Qrav. 

Acids. 

«!■« . 




— 

• 10*86 

842 

- 64 W ^ 

lai 




15-77 

372 

|4-«1 • 

1-10 

1’40 



17-»0 

898 

• 64*8fi 

1*20 

... • 

1-54 


21*16 

404 

64-96 

• y 

•1*28 



]'68 

24'&5 

T" 

481 
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The lactones require 1 c.o. of N/1 KOH to neutralise 1 gramme. The 
incVease in weight on boiling the lactones with acetic anhydride xyas 4*4 
per cent. , , 

The above experiments show that the y-hydroxy acids from which the 
lactones are form^ are contained amongst the fatty acids ef lower molecular 
weight. 

acetyl value. 

Orig^inal Process. —About 5 grammes of the sample arc boiled in a 
small round-bottomed flask for thirty minutes with acetic anhydride, using 2 c.c. 
of anhydride for each gramme of the sample taken. All alcohols present will 
dissolve completely in the hot acetic anhydride; any floating globules will 
consist of mineral oils or waxes. 

Next add 30 c.c. of water to the contents of the flask, and again heat 
the ^ask till the contents boil (to decompose residual acetic anliydridc). 
The whole-is now poured on to a wet filter, and washed with hot water until 
acid free > the filter and oil are placed in a beaker, and dried in the oven to 
constant weight. 

Two grammes of the acetylatcd sample are weighed into a flask, and the 
saponiflable value determined in the usual way; this saponifiable value 
is the acetyl value of the sample. 


• Sample. 

Acetyl Value. 

Crude Wool grease. 

,, ,, Uiibapunitiablti mutler 

60 i>er cent, recovered black oil. 

„ ,, ,, UnsapoiiiJiablc inatlei . 

Spenn oil, Vnsaponifiable matter. 

156 

131 

129 

32 

181 to 185 


This old process, as given above, has been severely criticised by Ijewkowitsch, 
but if one adopte his process, it still docs not give the results that Lewko- 
witsch claims. * ' 

Acetyl Value, Lewkowitsch. —Ten or any other convenient tiumber 
qf grammes are boiled with twice the amount of acetic a»liydridc for two 
hours in a round-bottomed flask attached to an inverted condenser, the 
solution is then transferred to a beakej’ of about 1 litre capacity, mixed 
with 600 to#600 c.c. of boiling water, and heated for half an hour, whilst 
a Slow current of carbon dioxide is jMissed the liquid through a finely 
drawn-out tube reaching nearly to^the bottom of the beaker; this is done 
to prevent bumping. (A small piece of porcelain placed in the bottom of 
the beaker is quite effective, and certainly more convenient.) TJie mixture 
is then allowed to separate into two layers, the water syphoned off, and the 
oily layer again boiled out in the same manner three successive times. The 
last trace of acetic acid is thus removed, as may bo ascertained by testing 
with litmus paper. Prolonged washing beyoud a certain limit causes slight 
dissociation of the jtcetyl pr<|luct, w'hioh would lofid to too Jow an acetyl 
value. The aeetylatod product is then filtered tlirough a drjj filter pt^r 
in a drying oven to "remove water. The, whole operation may bo Carried 
out quantitatively, and in that case the fatty matter is tseated in a fashion 
similar to the modu^ operandi of the Hehner value. It may Useful to 
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work quantitatively if it is desired to ascertain in the 6rst instance whether a 
notabk amount of glycerides of hydroxy acids be present in an unknown fat. 

About ^grammes of the acetylated product are then saponified by boiling 
with alcoholic potash, as in the determination of the saponification value. 
If the distillatiofi process be adopted, it is not necessary to work with an 
accurately measured quantity of standardised alcoholic potash ; in case the 
filtration process bo used, the alcoholic potash must be measured exactly. 
It is advisable to use in either case a known volume of standard alkali, 
as one is then enabled to detormine the saponification value of the acetylated 
oil or fat. Next the alcohol is evaporated off and the soap dissolved in water. 
From this stage the determination is carried out either by (a) the distillation 
process, or (b) the filtration process. 

(a) Distillation Process.—Ad(\ dilute sulphuric acid (1 :10), •more than 
is required to saturate the potash used, and distil the liquid in a current of 
steam. 600 to 700 c.c. of water are distilled oft’ (as a rule this will bo found 
sufficient), and the last 100 c.c. will be found to nwjuirc no more than O'l c.c. 
decinormal alkali. Then titrate the distillate with decinormal potash, using 
phenolphthalein as indicator, multiply the number of cubic centimetres 
by 6 61, and divide by the weight of substance taken ; this gives the acetyl 
value. 

(b) Filtration Process .—Add to the soap solution a quantity of standard¬ 
ised sulphuric acid exactly corresponding to the amount of alcoholic potash 
employed and warm gently, whereupon the fatly ^ids will readily collect 
on the top as an oily layer. (If tlio saponification value has been determined, 
it is of course necessary to take into account the volume of acid used for 
titrating back the excess of potasli.) Filter off tlie liberated acid.s wash with 
boiling water until the washings are no longer acid, and titrate the filtrate 
with decinormal alkali. The acotyl value is calculated in the manner shown 
above (a). Both methods give identical results; the latter requires less time, 
and will therefore bo found more convenient. 

Tlie author had a few determinations made by tlie filtration process of 
Lewkowitsoh with the object of finding out whether there was any chance 
of being able to dcteriuino the amount of castor oil in sulphonated products, 
but the results were so much at variance with those of Lowkowitsch as tp 
make one think that the supposed improvement introduced by Lowkowitsch 
is of very doubtful advantage in commercial work, and further, to make emo 
think that ohr real knowledge of the chemistry of this process is less than 
rudimentary. 

Since in analytical work we can only separate fatty acids, aftd cannot^use 
the original neutral oil, the following experiments were made on the fatty 
acids separated from the sample. The sulphonated oils wore saponified in 
the ordinary way with alcoholic potash, and the soap decomposed and the 
fatty acid»takcn f(9r the experiments. 

Fatty Acids from 70 pbh cent. Sulphonated Castor Oil. Acetyl Value 
96*8.—This was the average of two determinations. The sample was taken 
from af)atch made in the works from castor oil of known purity, and yet 
Lewkovitsoh states that a sulphonated oil giving an^cetyl value below 120 is 
a proof that •the oil was not pure castor, and^till the oil used was perfectly 
ndtmal in aK its figures. * 

* «A Second sample was taken irom the same bottle, and decomposed with 
hydroel^loric acid instead of saponifying. Its Acetyl Value was 124. This 
asaio wa9»tke mean of two determinations. 
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The Acetyl Value of original Castor oil 149'7. 

Fatty acids after sulphonation of the same oil with 50 per cent, of 
sulphuric acid. ® 

» „ from saponification with alcoholic KOH «r0 

>j )) n decomposition with HCl 84*7 

Since the acetyl value of the fatty acids varies with the amount of sulphona¬ 
tion, the acetyl value, contrary to the statements of Lewkowitsch, is obviously 
useless for determining the nature of the fatty matter in sulphonatod oils. 

The most curious feature is the difference in the results between the two 
metlu^s of preparing the fatty acids, and this appears to show that the 
saponifioation with alcoholic potash does not decompose the sulphonated 
acids comj^etely. 

, EXAMINATION OF FATTY ACIDS. 

All fatty acids should always be freed from o.xidisod acids and lactones as 
far as possible (although in some cases, particularly the fatty acids from blown 
oils, sod oils, boiled oils, and wool greases and some of their products, this is 
almost ijupossible) before proceeding with their examination. 

The following estimations are usually sullicient to locate tlie origin of 
most samples:— 

Mbltino Point, if solid. 

Cold^Tbst, if liquid. 

loDiNB Value. 

Oxidised Acids. 

Insoluble Bromides. 

Sbimhation of Solid and Liquid Acids. 

Molkcui.ar Weight. 

The melting' point and cold test of fatty acids arc of doubtful value 
as indications of purity or otherwise, but are most useful commercially. The 
candle-maker places the higliest value on tlie sample which has fatty acids 
that show the higliest melting point, because the higher the melting point of 
the fatty acids the higher the yield of stearino, which of course is much more 
valuable than oleine. The soap-maker also seeks the sample liaving the 
highest possible molting point of fatty acids, because the higher the melting 
pdint of the fatty acids the harder his soap will be, for a given percentage of 
soap present. On the other hand, when examining oleines the sample with 
the lowest col^ test is always to be preferred, because the lower the cold test 
theJbettcr the oleine will withstand the vagaries of our climate without tlie 
sample leaving the liquid sLitc. 


MELTING POINTS. 


Fatty Acids. 

Melting Point in 
Cawllary Tube 
(degrees Fahrenheit). 

Cotton oil, reflh«<f . *. 

Olive (41. 

Palm oil . . . 

Tallow 

,, oil. . 

--- •_ ._ .. . 

104 • 

76-6 to 81 • 
116 

115 

100 • 
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COLD TEST. 


• t 

Fattv Aciijs. 

0 

Cold Test 
(Fiihreiilieit). 

Fatty Acids. 

Cold Test 
( h’ahroiilicit). 

Aracliis oil ... 

Colza oil . . ’ . 

Cotton oil. . 

Japau iisli oil 

Lard oil . 

Neotsfoot oil , 

05 to 75 

50 to 58 

88 to 94 

61 to 78 

71 to 83 

41 to 88 

Neutral wool fat 

Olive oil . 

Palm oil . 

1'allow 

n ‘’il 

^Vhalo oil . . . 

100 to 116 

56 to 80 

112 to 118 

105 to 113 

81 to 92 

60 U. 83 


Tho large variation in tlie cold tost of tlio fatty acids is catiscd by tlic 
variation in the cold test of tho oils themselves: neatsfoot oil, for example, 
varies from an oil quite clear even in winter, to one whicli is cpiite sofid and 
hard according to whether the oil has been filtered or not. 


IODINE VALUE OF FATTY ACIDS. 


Commercial Fatty Acids— 

Iodine 

Fatty Acids prepared in 

, luduie 

Value. 

Laboratory— 

Value. 

Aiiinial oil, pale 

()3-6 

50% Tmhey 10(1 oil . 

71-0 

Castor oil, iiists 

89-1 

60% Black oil . 

60-1 

,, seconds 

Cotton oil, refined . 

89-1 

65% Wool g*ease dislillato 

26-7 

106-4 to 111-3 

'OX. 

36-9 

Fiiili oil. 

143 7 

Soft Yoikslim' guMse 

57-6 

Ja{)an tish oil 

1-23 6 

Haid 

27-0 

Linseed oil . 

167-7 

50^;, Wool grease oleine 

46-7 to 51-2 

Maize oil 

119-7 to 127-1 

47% ,, ,, 

47-2 

Ra{)e oil 

148-9 

Pale Hecovcrccl steal ine, 


Soya bean oil 

Whale oil 

124-1 to 141 
107-2 to 135-5 

molting [(oiiit 100/105 . 

26 2 to 29-4 


Oxidised Fatty Acids. —Under this heading are included :— 

A. Ail fatty acids insoluble in ether but .soluble in hot absolute alcoliol; 
these are only found in produets which have undergone a coiisideraldc amount 
of oxidation. * ^ 

JJ. All fatty acids soluble in ether hut insoluble in petrol-ether, sp. gr. O'Cl, 
and which may he filtered off in a solid state. 

It must be understood that oxidised fatty acids are only«fouiid amongst 
the liquid acids, and that they arc found amongst the free fatty acids oT the 
sample. These oxidised fatty acids are not present in stearines, liardoned oils, 
etc. The original method of Fahrion is quite useless for the examination of 
most eommerciaV products, because the presence of only 4 or D per cent, of 
unsaponifiable matter will lower the percentage of oxidised fatty acids found 
by an;^thing up to 45 per cent, of the total oxi<lised acids present; this error 
is caifted by the solubility of the oxidised acids in tlie petrol solution of the 
unsaponifiable matter. 

Oxidised Acids insoluble in Kther. —1’hes<yicidsareV)lid bodies of a resinous 
(SppearaneCi; as found in degras, they were formerly culled degras former; they 
are found in sod oils and in f<v>ts from oils of liigh* iodine value. They arc 
left behind adlftjring to the soparaUjr when soap solutions containing them are 
^decomposed with acid to liberate the fatty acids; the Jatty acids arc dissolved 













iti w^ed with water aad run off, the acids adhefing to the 

.sidM, o£ the separator w^hed again ^with water, the resinous acids are die* 
^soi?^ off the separator with hot absolute alcohol, the alcohol run into a 
weighed flask, distilled off, and the residual acids dried and weighed. 


SAMFliK. 

Pekcentaqe of Acids 

INSOLUBLE IN EtHGR. 

Sod oil. 

7 *95 per cent. 

Whale oil foots ... . . 

5-99 

No. i Whale oil. 

0-10 „ 

Blown Whale oil. 

6-26 


Acuis sgludle in Ether but insoluble in Petrol-Ethei'. — Weigh 2 to 3 
grammes of the fatty acids into a flask, dissolve in 50 c.c. of petrol-ether, 
warmmg if necessary, cool, and allow to stand half an hour, filter through 
a dried and weighed filter, wash the filter with petrol until fat free, dry the 
filter, and weigh. 

The molecular weight of the fatty acids insoluble in petrol is always 
decidedly higher than the molecular weight of the normal fatty acids in the 
same sample. The great effect which these oxidised acids have upon the 
b^aviour ©f commercial products, even when only present to tho extent of 
1 to 1*5 per cent., hardly seems to have been recognised up to the present. It 
has long been known, for example, thatsomo cotton oils make a good coloured 
soap, while the soap fronf other samples is much darker, or, in tho words of the 
soap boiler, they “work foxy." This discolouration is duo to the presence 
of oxidised acids in tho oil. A largo proportion of the dark colour of many 
eommoreial products is due to the same cause. 


Faity Aoid.s from 

Pekckntagk PbI’ROL 
INSOLUBLE IN AoiDS. 

Molkoulak 

WEiOH-r. 

• 

Per cent. 


Boue fat, extracted 

114 


Ameiican brown cotton soap .... 

4-30 


Black cotton grease . 

5-85 to 60*74 


Sbft Yorksliho grease. 

3-09 

366 

Iflfkrd Yorkshire grease. 

7*5 


‘ Sewage gi-ease . 

2*86 to 5*85 

436 

'Grease from crude glycorine tanks . 

ia-8 

328 

Skin grease, extracted ... 

1-99 


White oleine, jttnerican ... 

0*86 


' R6ol>vered oleine, 53 per cent. 

207 


Recovered oleine, 10 ,. 

2*61 

338 

Sod oil . 

. 1142 


Wopl.fet fatty acids . 

18-80 

427 

No. 1 Whale oil . .... 

1 *06 to 1 -60 • 

• 

..Rape oil foots . 

84-02 

376 

Whale fatty acids, commercial 

4-93 

• 

Fatty acid pitch . . . 

23-21 to 64-44 

881 to^lS 

Bhok ends hom wool grease .... 
;5Utiilation ... ... 

6-89 


djlbwo Whale oil . .* . ... 

13-86 

• 823 

















{j4 pjlis.- ,, 

Amoatit) ol oxidued ffttt; acids in black ocdtob greases Is sottietiimes TOtybigh,' 
•Aild the ^^ield of pitch from these greases rises with the percentage brhxidiSed 
acids in the grease distiUed. 

SeparaUdn of Liquid Acids as Bromides.— The bromides are 
thrown down as a precipitate on adding bromine to a solution of the oils 
or their fatty acids/ 

Octobromides.are insol. in Benzol. 

Octobromides and Hoxabromides ... t» >» Ether. 

Ootobromides, Hexabromides, and Tetrabromides „ „ Petrol-Ether. 

Both direct bromination of the oils themselves and of the fatty acids 
separated from the oils have been used, but as the bromides from the fatty 
acids can be washed clean in much less time than can the bromides from the 
oils themselves, and similar results are obtained in both cases, the bropunatiou 
of the fatty acids is to be preferred. 

Privation of Jiromides. —About 1 gmmmo of the fatty acids is weighed 
into a fljuik, dissolved in 60 c.c. of the solvent, the solution cooled under the 
tap, while bromine is dropped in until it is coloured red by excess of bromine. 
The dask is now corked up and let stand overnight. Next morning the 

contents of the flask are filtered through a dried and weighed filter, the filter 
is washed with the solvent until fat free. If there is any difficulty in washing 
all the precipitate out of the flask it will he found easier to dry the flask and 
contents, weigh, and add the wciglit of tlie precipitate to that of the precipitate 
on the filter. 

Rough neparation of Bromides. —In order to obtain the separate percentages, 
three estimations arc necessary :— 

1. Biyimiuation of fatty acids in bcn/ol ppt. is octobromides. 

2. Bromination of fatty acids in otiicr ppt. is octobromjdes 

and hoxabromides. 

3. Bromination of fatty acids in pctrol-ethor ppt. is octobromides, 

bexabromides, and 
tetrabromides. 

It will be found neces.sary to make all the three estimations, if any idea of 
fJre nature of the fatty acids present in the sample is recpiired ; for though the 
iodine value gives the measure of the amount of unsaturated acids present, it 
vgives no information whatever as to tlio nature of the different acids present. 
For example:— 


Coasl-Cod oil Iodine Valye 134*8 

Newfoundland Cod „ 153*4 * 

The fatty acids of both were brominate^f and gave 


- 

Coast Cod. 

• *’ 

Newfoundland Ood. 

octobromides and hexabromides . 
.Tetqibromides. 

4*2 *95 j)er cent 

21 (je M 

* • 

30*5 peroent 
86*03 „ . , 


'I yhe percentage of octobromides from the Newfoundland cod was 11?5 p^ 
VomL The l?e.wfoundland cod,<although having the higher iodine 
/ ^hft^alleat percentage of mixed octo- and hexabromides. . 



CHEMICAL 3EXAMINATI0N. $6 

PERCENTAGE OF MIXED OOTOBROMIDES AND HEXABROMIEES 
. FROM FATTY ACIDS. . 


Osstor'oU, seconds 

nil 

Whale oil Fatty acids. 

p—• " ■—' 

Crude Scotch Cod oil . 

89'5 per cent. 

commercial 

14’01 {>6rcent. 

Goftst Cod oil 

42*96 ,, 

English Brown Olciue 

Newfoundland Cod oil . 

40'13 ,, 

trom fish Fatty acids . 

nil 

Cotton oil, refined. 

nil 

Whale oil, white filtered 

21 '8 per cent. 

Soya Beau oil, refined . 

nil 

Whale oil, No. 3 . 

Blown East India rape oil 

147 

nil 


PERCENTAGE OF TETRABKOMIDES FROM FATTY ACIDS. 


a 

Crude Scotch Ood oil . 
Newfoundland Cod 

36*03 per cent. 
18-63 „ 

English Bnnvii Oleino 
from fish F.itty acids. 

7*11 per cent. 

Coast Ood 

21*66 „ 

Blown East liid ia ra ])0 oil 

nil 

Soya Bean oil 

9*5 



Many attempts have been made to determine the melting point of the 
insoluble bromides yielded by diflerent oils or their fatty acids, but as in most 
c^es the bromidos'testod have been mixtures of octo* and hoxabromides, the 
results obtained arc of very little value. All that can bo said with certainty 
up to the present is that bromides from tish and marine animal oils blacken and 
char instead of melting fin heating, a fact of greiit value when endeavouring 
to determine the presence of fish oils in a sample. It must not be forgotten 
that even when charring takes place we can only say that fish oils are present, 
but we are left in the dark as to the presence or absence of vegetable oils. 
This test has considerable value as a qualitative one as a sorting test in the 
ra{)id examination of oloincs for textile purposes, showing from what class of 
material the oleine has been made. 

Separation of Solid and Liquid Acids. —The method given below, 
which is the one rocommciided by Lewkowitsch, is probably the best for 
general purposes of the many proposed, and if carefully carried out will be' 
found to give liquid acids with an iodine value as high as the fatty acids 
from any other method that has been put forward. 3 to 4 grammes of 
the sample,* glycerides or fatty acids, are weighed out and saponified with 
6(fc,c. of approximately N/1 alcoholic iK)ta8h in a 3()0 c.c. flask, add phenol- 
phthalein, acidify with acetic acid, titrate back with alcoholic potash until 
neutral, wad 4jluto the solution to 100 c.c. with water. 30 c.c. of 10 per cent, 
aqueous lead acetate solution arc diluted with 150 c.c. of water and brought 
to boiling; this solution is run slowly into the soap solution, shaking con* 
stantly, so that the lead soap adheres to the sides of the fiask when the solU' 
tfOQ becomes cold. The flask containing the load soap is filled tg the brim 
With hot water and allowed to cool down to room temperature. When the 
supernatant liquor has become clear it is poured on to a filter. As a vule the 
aolution is so clear that no particles of lead soap will be found on tli« filter,, 
otherwise these particles must be washed back into the flask. The lead soap * 
:ij;^ the flask is washed ihdroughly with boiling water, cooling th^hot solution ' 
flltehng Sipd causing thenead soap to adhere to the sides the flask; 

lost trades of water*may be removed from the lead soap with a II>11 ol^ 
^yfilteir.paper. It is not advisable to dry the lead 8alta,*a8 they rapiSly,' 
from the air. Next 150 o.o.'of ether are added to, t^e lead^- 






^ Bbaken fepwitaMVilo ail to winga ^wmwpa n.,;^ 

«alj»; |ifi» flask is then Seated off -a vkter Sato'SSSw'-'fcy^Wi e(w 
Anser, wi(6 fceqffeSt shaking. Lead salts of liqiifid fatl^'jg^jdMsitiiw 
«^il}r in hot ether conjointly with some portions of the leaif saiSridfl'^lif 
'l^ty acids'; wheS the undissolred salts settle out at the b5ttoinx)t the fladf 
„aB'a fine jtowder the heating is stopped. The ether solution is allowed io opfd 
down to room temperature and filtered through a folded filtef into a sepawtfit 
and the filter and flask washed with cold ether, using three or four •washes 
;eif ‘26 to 30 O.O. each. The ethereal solution is next shaken with a mixture. Of 
t^drooblorio acid and water to decompose the lead salts, the ether dissolfhDTg 
the free fatty acids as they form, the lead chloride settling to-the bottdffi 
of the separator; after separation has taken place the acid layer is run off, 
the ether washed with water until acid free, and the ether solution run into 
a weighed flask. The driving off of the ether and the drying of the fatty 
acids on the water bath must both be done in an atmosphere of earbon 
dioxide. If the above bo done quickly and carefully, the results are as nearly 
quantitative as we can get them, and the liquid acids obtained have an iodiffo 
value as high as can be obtained by any other method. ■■ 


Fatty Acids from 


Brown Whale cake . 

70 per cent. Wool grease distillate 


‘ ’, Detemination of Stearic Acid, llehner’s Method .—Prepare a solution of ' 
stearic acid by dissolving about 3 grammes of pure stearic acid in* I"' 
litre of warm methylated alcohol of specific gravity 0-8163 in a stoppered ' 
■bottle. Immerse the bottle up to the neck in ice water, keep in an ice chest, 
'Well.proteoted against radiation of heat, and allow to stand in the ice water 
bremight. After, twelve hours, syphon off the mother liquor without removing 
lhb;^B5ttle from the ice water—by moans of a small thistle funnel immet^ 
m the alcoholic solution and covered over with a piece of fine calico —80 08 % 
•Jo'Tetain the separated stearic acid crystals in the bottle. The funnej jk - 
bent twice at right angles, and is best fitted into a suction bottle, so that tfe 
^ar liquor can be drawn off by means of a filter pump. Half to 1 grji^ib^; 

the fatty acids under examination it solid, or 6 gramme* if liquid 
jrelgbed 'accurately into a flask and dissolved in 100 c.o. of the above alobh^y' 
flbUo acid solution. - The flask U placed in ice water overnight, the ihixtu'fbp 

S 'toted next morning while the flask is kept in the ice water, and 

)Wed to stand'^r at least half an hour in the ice water in prder tp.p^iSfoa 
WjbtalUsation. '■ ’ .. .! 

(ilcohol is then filtered off as described above, care being^l^^'SK 
3ltoW;«ff 'the solution as completely as possible. The residue in tMhwk'lt^ 
three times in succession with 10 o.c. of the alcoholicAmxfS'- 
and cooled down to O’C. Thp cmtals'adhering to the 
H|^lP^«|^nnel'are then washed off with'bot alcohol ipto.thk 
ll^^Nj^b^rated off,, and the (esidne dried and waia-hed.' ■_ 
poinh of the.residual stearic acid; it’ 


Perceiitnge of 

Iodine Value of 

Lif^uid Acids. 

Liquid Fatty Acids! , 

69*17 jicr cent. 

147*2 - 

61*39 „ ' 

140*4 

43*80 ,, 

108*6 

51*20 

61-2 



tno.-UTiaisftolvdd diTstalis tetaiii a 
.m'iUfl^W solution, a oorrootion must ^»mAd^ 

is 0*605.^g^mms,.which, must be deducted^frofu the total. 
I^^htr'-of th'o^resldue. ^Cases are known where this method -fails, bul/ it it. 

ItiMt w© have. • 

v'Ji’^^olecuIar Weight of Fatty Acids-—The molecular weight determina- 
^OQ is best carried out in connection with the estimation of the total saponh 
fiahie matter; after weighing olf the total saponifiable matter it is dissolved 
in, alcohol and titrated with N/4 caustic potash, using phenolphthalein as 
Indicator, then the weight taken divided by the number of cubic contimetr«i 
of N/1 alkali required gives the molecular weight of the fatty acids qf 
the s^ple. 

> The molecular weights given in the following tiible were determined 
b<^ore the importance of tho oxidised fatty acids was recognised; they still- 
appear to'havo sufticient value to allow of tlieir inclusion. It must always 
be remembered, however, that they represent'only the figures obttvined with, 
s^ueous potash for tho whole of the fatty acids from the products in question. 
In the case of most of the fatty oils there is only a small amount of oxidis^ 
acids-present, and there is therefore not much difference in the molecular 
weights. 


TABLE OF MOLECULAR WEIGHTS OP FATTY ACIDS. 


Fatty Acids from 

Moleoulau 

Weight. 

Fatty Acids from 

Molbcular 

Wright. 

.Almond oil, refined 

283 

Whale oil, No. 00 . 

280 

Araahis oil, refined 

286 to 288 

„ No. 1 . 

296 

Colza oil. Stettin, refined 

318 to 337 

,, No. 2 . 

282 to 288 

Cotton oil, filter^ 

273 to 294 

,, crude brown . 

285 to 288 

Cod oil, Coast 

302 

French Resin “ H ” 

336 to 340 


,, Medicinal. 

11 . ^fewfomidland . 
Castor oil, seconds 
Heniiig oil, . 

Japan flail oil 
^am oil, Af . 

. ,, prime 

iiinseod ou, American 
' . It • ' Baltic 
'M^aize ail, refliftd . 
(tlldSUfoot oil, uafiltcrcd. 
.Oilwoll, Bari 
' Mitylene. 

' JNm .pil 

,i bleached . 

.'^pe oil, East Ifldia, refined 
‘ ft ’ I? blown 
.Bardine oil, Japanese 
oil, straw 
lllaphaiit oil . 

Bean oil, refilled .• * 
oil, Frem^ 


oil, pale . 


298 Greek . 

314 American Resin “ H ” . 

313 Soft Recovered greases, 5 to 20 

285 per cent, iinsap. . 

287 to 805 Medium Itecovered greases, 20 
283 to 285 to 28 per cent, nnsap. 

274 Hai-d Recovered gieases, over 

286 28 per cent, uiisap, 

289 Block oils .... 

294 Boiled skin greases 

275 Dislillatos from Soft greases 

279 ,, Medium ,, 

282 ,, Hard ,, 

266 ,, Black oils 

268 Oleines from Soft greases . 

296 to 318 ,, Medium ,, 

300 to 320 „ Hold „ . 

286 ,, Black oils . 

282 to 302 Stearinos from Soft greases 
286 ,, Medium 

817 „ Hal'd 

33fl> „ Black oils .. 

278 . Candle Stearines . 

270 to 276 B!acl»Gotton grease 

272 to 278 Candle-makers' 95% OI^os . 


298 to 446 

273 to 380 
261-to 270 
^62 to 289 
284 to 290 
290 to 331 
269 to 280 

67 to 280 
283 to 286 
281 to 813 
262 to 276 
277d» 290 
27ito 801 

274 to 827 
260 to 275 
273 tp 28b 









■*'5^' ,'oitis' Aim_ 

> U an accurate determination of moleo'ular weight-is it 

, e^ntial that Both lactones and oxidised fattj acids be removed as j^r as ^ 
possible froen the etude mixture of normal fatty acids,' oxidis^ fatty" aOi^s,, 
t and lactones obtained by decomposing the soap solution left aftot extz^cting 
th^ unsaponifiabfb matter contained in the sample.' ]S|o recovered product^ 

, wool greases and their products in particular, arc freO from these oxidised 
fatty acids, laotonos, or both. If they are not removed, the molecular weights 
are alwaye too high. The oxidised acids and lactones are removed as 
- previously described. This is the only way to obtain the correct molecular 
weight for the normal fatty acids of the sample. The very high Bgures given 
by Lewkowitsch and others for the molecular Aveights of wool greases and 
their products are, for the reasons given above, incorrect, and it is to be hoped 
that DO more figures of this description will be publish^ withoufhaying how 
' they were obtained ; for example:— 

The crude fatty acids from a .sample of hard wool grease gave molecular - 
weight 384; after removing oxidised fatty acids and lactones the molecular 
weight of tho normal fatty acids was fotind to bo 342. 

MOIiECULAH WEIGHT OF NORMAL FATTY ACIDS. 


From { 

40 per cent. Recovered Oleine . 309 

Saponified Oleine from animal fat 280 
,, ,, Whale oil . 302 ' 

, Blown Whale oil ... . 284 i 

90 per cent, distillate fmm Recovered 
grease ...... 279 ' 

60 per cent Recovered Oleine . . 295 i 

Whale oil Fatty acids 288 ' 

Soft wool pitch . 375 

Rape oil foots ... 330 ' 

Soft Stearine pitch .... 359 


From 


Blaok cotton grewe 

292 

Li([uid resin . > . 

330 

Wool fat Fatty acids 

345 

Wliito American Oleine . 

287 

Brown ,, ,, 

281 

Greek resin . 

840 

Hard Stearine ]>itch 

439 

Sod oil .... 

268 « 

Sewage grease 

304 

French 95 per cent. Oleines 

281 to 287 


' UNSAPONIFIABLE MATTER. 

The bodies met with during the course of commercial examination of 
unsaponifiable matter are so many and so varied in their nature that itois 
quite difficult to set out a scheme of examination that will cover all cases. 
The main classes are:— . , 

1. Mineral Oils.—L egitimate constituents of lubricants only, but may 

be found in samples of all classes of material. ' ,' 

2. Rssin Oils. —As legitimate constituents in certain classes of solid- 
^ lubricants and some classes of soluble oils, otherwise as an adulterant. 

3 PAtAPPiN T^axes*—A s legitimate constituent of curriers’ greases and ' 
artificial'petrol jelly, otherwise an adulterant. The lowest comlnercial melting 
■^point ^ 102/105* F., which is the melting point of American match wax. * • 

ln%ome cases mixtures of mineral oil and paraffin wax are used; for,i^ 
imtanq^^ in curriers’ greases, and when extracted tqgetlier as the uneapobifi- 
able matter of the sample, we obtain mixtures that c&noot be disting^sbe^? . 
from a peti®l jelly. • ,. ‘ 

• » 4 »®A^xx)H 0 ls,’—T he unBaponjfiable matter from dbrtain waxes, sperpi 
shark, liver oil, ti^jS^lwool fats, and wool greases consists of mixturei^.iM H 
aloob(>lt,^hic^n(U|^VS^arated from the member^ of the jothiST 






KtiMlKATION. 39.' 

almOB^ qiiantitatively by meJms of the solubility of the alcohols in acetic 
atthydride. • 

•. 5. Tiih Remaikinq OiiAss is the one which has caused, atuHs sfill causing, 
moro trouble than all the others together, but if official limits were 6xed, 
if only provisionally, there would be sdtne definite basis to work upon. 

This class is the decomposition products which physically, but not 
chemically, resemble mineral oils, and are formed of the distillation of oils 
and fats whose unsaponifiable matter originally existed in the form of alcohols. 
In very rare cases tar products arc found, but their qualitative estimation as 
original constituents is practically impossible at the present time. 

General Examination.— The first test should always bo the qualitative 
test of Hager and Salowslci. A small quantity of the isolated unsaponifiable 
matter is dissolved in a few cubic centimetres of chloroform in a test-tube 
and an equal volume of concentrated sulphuric acid poured gently down the 
test-tflbe sido; if cholesterol bo present, the cliloro/orni turns blood red. The 
colour of the cliloroform changes to purple on standing. 

Isocholesterol. —Place a small quantity of the unsaponifiable in a 
test-tube, add 20 drops of acetic anhydride and 2 drops of concentrated 
sulphuric acid; isocholesterol gives a green colouration. This second test is 
often unnecossaiy, as the sulphuric acid layer in the cholesterol test is always 
tdmed green in the presence of cholesterol. 


SPECIFIC (!IIAV1T% OF tINSAI’ONIFIAIiLE MATTER AT 

oU 


PVora 

Aniencau.iDinera] oils 
Scotch ,, ,, 

Bassian ,, ,, 

Kesin oils . 

American Paraffin wax 
Scotch ,, ,, 

Petrol jelly 

Black oil, GO per cent. sup. 
n 70 

Wool grease, 80 percent, sap. 
60 


Specific (Iravity. 
•850 to -955 
•8G6 to -900 
•890 to ’917 
•970 to 1-016 
•863 to *882 
•881 to -886 
•852 to -897 
•9046 
•9109 
•9033 

9449to-9787 


,Oleine, 90% sup. ’8796 


Fi om Specific Q ravity. 

Woolgtoaseoleine, 70% aap. •9023to*8153 
,, 60 ,, *8944 

„ 60 „ '9001 to’9277 

Arctic Sperm oil . . ‘8688 

Palo 110/112 M.P. Stoaiiue 

(wool giease) . . 'SSOl 

,, 110/105 M.P. Stearinc 

(wool grouse) . . ’8790 

60% sap. Wool grease con¬ 
taining mineral oil. . ‘9376 

90/95% Ki'covcreil wool gi ease 
<Hstilluto . . . ‘8886' 


REFRACTIVE INDEX OF UNSAPONIFIABLE MxVTTER AT 70*^ F. 


• From From 

,60 |>er cent. Black oil . . 1 4996 70% Recovered grease distillate . 1*6033 

Genuine 70% wool gre.aseoleine 1-4976 50% ,, ,, ,, . i*6061 

t, 60% ,, ,, 1*4919 102 inciting point Recovered grease 

' ^>0% ,, ,, l'4929to Steaiine . . • . 1‘6]84 

. ’ r4967 


SPECIFIC ROTATORY POWER OF UNSAPONIFIABLE* 
. • MATTER. 

--,--- 

Krom Genuine Jo per cent, wool gi'oaae oleine . +21^ 

60 „ ., H6'8 

60 ,, ,, ,, •+ 9-6 







/■fT|« 'rt<>iri[»i||l^; ftl(»'t»W^ 

t^lvgrefwe oleiriA^orinwtt purity, *n^ _ _ _ __ 

^ifld rttttida oflS for that poitioii of;(iie'uMai^{teiJe.’frh®^aK®4^ 
tl'M^io whydride, and still thO whole unsaponiflable frh)Ja :s(im^t,^’lH^fS|i| 
^ritj fatls'n long way short of the limit ‘ 

-'■ MELTING POINT' IN CAPILLARY OF SOLID ' 

UNSAPONIFIABLE MATTER. ' 


From Recovered grease under 20 per cent, unsap, 

.. .. M 28 „ ,, 

«> >> over 28' ,, ,, 

Grease extracted from Sud cake 

Gotten Stearino, 97" F. melting point 

Southern Sjiorm oil. 

•F, 

103 

114 to 116 
92 to 115 
120 to 124 
85 

76 

COLD TEST OF LIQUID UNSAPONIFIABLE. 


•F. 

From Genuine 70 per cent, wool grease oleine 

. 49 

,, 60 ,, „ 

. 46 

n 60 „ ,, „ ». 

... 60 

IODINE VALUE OF UNSAPONIFIABLE 

MATTER. 


From Genuine 70 jicr cent, wool grease Oleine. . 47*3 to 68’3 
00 „ „ . 02*4 

.. 00 rr- ,. „ . . 48*2 to 67-0 

.. 70 „ ,, Distillate . 63’0to71'5 

», 00 „ ,, . 67-7 

60 per cent. Black oil.33 ’4 , 

Recovered grease over 28 per cent, unsap. . 47*4 

,, Stoaiine, melting i>oint 100/102* F. 47-2 to 49*8 

Neutral wool fat.82 1 » 

50 ])er cent. Oleine containing Mineral oil . 29*3 


ACETYL VALUES OF UNSAPONIFIABLE MAl*rER. 


From Wool greases over 28 per cent, luisaponifiable 
60 per cent. Black oil ... . 


131 to 156 


. • . 

^yitld of Acetates from Unsaponifiable Matter.—Tuo uusa^iuui 
Mter is boiled for a few minutes with a few cubic centimetres ol^aoe^ 
^ge, the.eicess of acetic anhydride is driven off on the boiling wbth^^ 
(tfto aegfates heated in the water oven unftl free from acetic ahhjdrf!® 
o^ given as a rapid works method, and itit be cltorlV IBnd®^ 
dy applies to nnsapouifiable matter jvhioK is not Vplatiesi^ 

H found quite useful in the works. ' 








from -Wool greasea over 80 per east. sap. 

>t »♦ i» 11 

,, OKtrantod from Slid cake 

Arctic sperm oil . . 

Southern ,, . . . * 

' 60 per cent. Recovered oleine 

Wlialo fatty acids .... 

„ ,, aaponiiied oleine 

Seconds from grease distillation 


6*^ to 10'7 
0-8 

11*6 to 36‘8 
38 0 
M 

2-3 to 18-8 
21-42 
l-3fl 


MELTING POINT OF ACETATES FROM UNSAPONIFIABLE 
MATTER. 


Soft greases under 20 per cent, unsap. 
Hard ,, over 28 ,, ,, 

,, ,, extracted from Sud cake 


lor F. 

88 to no* F. 
90* F. 


Attempts made to obtain definite acetates by crystallisation of the Crude 
-Acetates from absolute alcohol gave the following results:— 

1 Acetates from hard grease saponifiables. 


Melting point of crude acetates. 


Melting point of acetates after twice 
cryst. from alcohol. 


f Aect^tes from the unsaponifiables of brown dist. 95% oleine once cryst. 

from absolute alcohol M.P. 184*F. 

• ,, of 70 per cent, oleine three times cryst. », 138 „ • 

■■ 1 . M of40 „ 130 „ 

,r another brand of American 95% oleine three times cryst. . ,, 181 . 

.1'' ,, M •» i^®ur ,, . •> 133 ,, : 

»i A >> ,, > live i» • »i »t 1 


fm 


general works practice it will be found very convenient to sepamte ttt® 
^l^iajpraifiable matter into acetic anhydride soluble and acetic^ anhydrid® 
portions. This separation, like many others in &t analysis, is iiev®A 
since it defends on solubility only, and is therefore much i&fiuenoU^. 
^I^^temperature, relative proportions of solvent and solute, and also again 

by the presence of different amounts of soluble and insoluble in tR® 
^a^tiire; The amouat bf acetic anhydride taken should not exceed tin tim^ 
^^^olume of •the un8aponifi#)le matter, and it will generally^ found 

boil in the fiask in which the unsaponifiable was weighed;; aftftr; 
minutes the fiask eontainiu^ the mixture ia ‘allowed: ;to 1^-.; 
tha fidsk must be watched, and as soon as no 









'Qt WAX sejtftrat«s off, the top the whole must be ..poured oif^^to a ‘ 

;ifhea ^ie have:— - - 

Ok thk S^i'TjR.^Mineral oils and waxes, urixtur^ of theeiV of resin oils, 
Wash well with hot water until the washings are acid free; the oils ot waj^es 
are now ready for Curther examination. . ' . ..i- 

In tub FiIjTbate, which contains all the alcohols present in the sample in * 
the form of acetates. The acetic anhydride in excess is next evaporated off 
pn the steam 'bath, leaving the acetates behind for examination. If desired 
th^e acetates may be weighed, boiled up with alcoholic potash, their saponifi¬ 
able value determined, and the free alcohols can then be shaken out with 
petrol-ether for further examination in their original condition. 

The Phytosterol Acetate Test is used for the detection of vegetable 
oils pr fats in animal oils or fats. The unsaponifiablo matter, tiie weight 
of which should bo about 0*5 gramme, is boiled with 2 or 3 c.c. of acetic 
anhydride for a few minutes, heated on the water bath until the excess of 
acetic anhydride is driven off, and the acetates then dissolved in absolute 
alcohol and crystallised out at least five times, and the melting point of the 
acetates taken in a capillary tube, * 



MKi.riKG Point. 

Cholesterol Acetate. 

114 to 115* C. 

Phytosterol Acetate. 

125 to 137* C. , 


The digitonin process of A. Windhaus may be used for the separation of 
cholesterol in mixtures of uiisaponifiable matter. 

Half a gramme of the unsajx>nifiahle matter is dissolved in warm alcohol 
and a slight excess of a 1 per cent, solution of digitonin added. After stand¬ 
ing a few hours the precipitate is collected on a weighed filter, washed fir5t 
with alcohol and then with ether, dried at 212“ F., and weighed. The weight 
of the precipitate multiplied by 0'2r) gives the amount of cholesterol present. 
The theoretical factor is 0‘243, but as tlie precipitate is slightly soluble in 
alcohol, the factor 0*25 allows for this solubility. 

This process only estimates free cliolestcrol and not its ethdrs, so that if 
one precipitates an alcohol solution of the sample itself one gets the free 
cholesterol, and then a se'cond estimation on the mixed nnsaponifiablc from 
the sample; the difference between the first and second estimation gives tlTe 
amount of cholesterol present as ethers. 





SECTION IV. 

FATTY OILS. 

Wb have •now accumulated sufficient fi^'urcs for most of the commercial ’ 
lils and fats to enable all ([uestions of purity to be settled without any 
;rouWe, and what is wanted at the present time is the j^athering together of 
ligures for the commercial brands of the various oils and fats. Had not this 
.ack of figures for commercial classes been so acutely felt, the figures which 
follow would not have been given. 

There are at present on tlie market samples offered as oils which are really 
nothing but foots, and we have now arrived at such a point that it is not safe to 
pass any sample of solid or somi-solid fat without at least melting it up to see 
if it gives a clear fluid when molted and is water free ; even then it is impossible 
bo guarantee freedom fr(jfn non-fatty matter. The extracted oils of the present' 
lay are so carefully freed from solvent, that no distinction can be drawn 
between pressed and extracted oils. 

Colour Tests. —These tests are steadily decreasing in value. The nitric 
BMjid test for cotton oil was formerly of vahio, as the brown colouration was 
gjven even by heated cotton oil. Ilut since soya oil has come into general 
use tliis test will have to be abandoned, for even the palest refined soya oils 
give a light brown colouration with nitric acid, and extracted soya oil gives as 
strong a colouration as cotton oil itself. The sulphur test for cotton oil still 
stands good, and experiments show that the amount of sulphur that is dis¬ 
solved in the^carbon disulphide can be varied within fairly wide limits without 
affecting the resulting colouration to any great extent. 

Sulphur Olive Oils. —These may contain up to 4 to 5 per cent, of free 
carbon disiilphide that can be driven off in the water oven. Carbon disulphide 
in smaller amount is dctecte<l by Macagiio’s method of distilling with steam 
and testing the first portions of tho distillate with a copper solution. All 
extracted elite oils, oven after refining and deodorising, by heating and blow¬ 
ing low-pressure steam through tho warm oil, still contain sufficient free 
sulphur to allow of their easy detection. 

“ Free Sulphur and Sulphides are detectorl by placing a globule of 
mercury or a fragment of copper in the oil; the formation metallic sulphide 
is iwcelerated at 212* F. 

''Mercaptans are invariably present in commercial extracted oils,tLnd can 
be detected by means of mercuric chloride added to the aqueous distiMate. ,, 

Acidity. —The amoynt of acidity in oils and fats has but little qgientific 
interest, but in comnfercial wojk it is the greatest factor in valuing a given 
l^ple, and alsb determines in many cases whether a given sample will* 6r 
VilinOt be suitable foi* a given purpose. * . * , • 

Tri commercial work the acidity of an. oil or fat is usually reported as oleio 
add; not as acid 'mine. 
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'puiT)qi!8s.^-ffl«iW ivittfidyiin . _ 

jn no fiaae contain more thkn^lit'^r <S^C iaoj^®,’3fi§^ 

.need‘for oilifig wool a high acidity is ad.detriment,~Wt , 

advantage in-thewoouHijg which follows. The .aolijity of fatty' 

;,j^iioed .by heating, but the reductioii of acidity after heating falls witlf 
in' the aeidity of the original sample. - ,, 

The following table shows the acidity before and after beatinB?'' 

■ hhating was the taking of the flash point. • 


‘im 


Oil. 

Acidity rrfokk 
Flash. 

AClOlTY AFTRR 
Flash. 

•• , 


Per cent. 


Oolzft, Stottib .... 

2-48 

1-76 

■ n ' . 

2-46 

1-77 

M • .... 

307 

2-84 

» .... 

271 

2-84 

Cofton, refined .... 

2'34 

11-78 . 

071 

0-66 

I« »!•••• 

1-08 

0-96 


0-42 

0-66 

0'82 i)€r cent, refined . 

0-82 

0-82 

Linseed, boiled .... 

0-82 

0-82 

6-98 • 

4-48 

Lsrd oil, American . 

1;69 

0-6B 

•1 •! ... 
Ncatsfoot oil ... . 

1-09 

0-62 

Ml 

0-67 

Olive oil. 

38-07 

85-26 

Rape oil. 

2-71 

1-50 

Blown .... 

6-40 

5-69 

^rm oil,. Arctic 

2-70 

0-80 

Tallow oil. 

\ 

15-66 

14-81 


Acidity .—In all eases this is expressed as oleic acid. As an example oi 
thecopomercial use of the acidity determination the case of whale oil 
^tajeen/ Since the hardening of oils has attained a commercial scale the pfiec 
^ ^hale oil has risen considerably, and in consequence many wlfale oils an 
DQ# offered under misleading grades. Whale oils are graded according pc 
dolour and acidity, the colour varying from water white to very dark .brow|^ 
afjid thff acidity from 0*5 to 67 per cent. t < 

'•.."Wfadn testing a large number of graded samples it was found that'' 

I** No. 1 whale only one sample was over 2‘5 per cent, acidity, 

^ $t 2^ „ two samples „ 10 „ „ 

' y* ^ • >t fi » M 20 „ „ 

.^he following may be taken as sound limits: '' 


/ • No. 1 jvhale must not exceed 2*5 per cent, acidity. 

IK-.v; ... 2 „ „ „ 10 . „ 

V.O ^ .. .. ^ 20 *, „ 

j • „ 4 „ is anything exceeding 20 « . 

forth® leather trade'must in no case 
hi be risk of the leather spueing. 


^ceed’12pWc^. 









'«oro^ 
oil, xe&ned 
, Almond oU, ,, 
^Bpne fiit, bailed 
: ■ eSrtracted 
^ \<,i ‘ manw 
^Cqmeline^ 

Castor, 

„ seconds 
Coeoa butter . 
Goooanut, nressod 
,, ueylon 

' ,, Cochin 

Cods)il, brown . 

,, Japan pale 


,, Malabar brown 

.. ,, Newfoundland 

• racked 

„ ,, brown 

>, Scotch crude 
*Colza, Belgian . 

English . 

,, Genual) . 

„ Stettin . f 

Colton oil, crude 

,, refined liomiMiy 


12-02 to 80*32 
0-22 to 2-80 
8-1 

19 t(r86 
19 to 44 
18 to 80 
1-26 • 

0*49 to 1-64 
2-12 to 7-40 
113 
0-14 
112 

1*26 to 19-11 

8- 64tol5'61 
2-66 

1*54 to 5-32 
6-36 to 12 *69 

9- 52 

11'68 to 12-6 
9*38 

1-97 to 3*22 

1-82 to 3-58 

2*49 to 3-5 
1*41 to 4-48 
14-14 

0*14 to 1*27 


Ifeatsfoot oil, pale filtereif 1*96 to 7*40 
,, ,, American 0’7>to 13*^4' 


,, edible 
; Dogfish liver, refined 
^ish steaiino, })alc . 
s yellow 

. brown. 

,, dark . 
’Herring oil, British pale 
■ ,, brown 

dark . 

'Hempseed oil, crude. 
-Horse fat. 

Bouse greaise . 

^apan &h, pale 


Egyptian 0 09 to0'26 


prime white 


oil, -American 


Calcutta 

Can’adiau 



nil to 0*42 

9*1 9 

0-7 to 1'96 
3-36 to 19-74 
15-96 to 56-70 
60*82 
4*94 
6-14 

11*39 to 33-49 
0*4 to 1*08 
7*98 to 23-41 
7*98 to 23*41 


bi-own . . 2*62 to 18*68 

lef oil, British brown . 5*15 

. . 0*28 to 0*71 

1-49 to 1-69 

prime white . 3*72 

prime , . 1-69 to 6*72 

e!Ktrawiiiter8trained2*3d to 6*00 
il,-American . 1-41 

Baltic . . 0*61 to 2*43 

Calcutta ' : 0*57 to 0*61 

'Can’adiau . 0*8 to 2*12 

. 1-41 

. ■ . 2*64 to 6-98 

. • 0-40 

4*28« 

'V ■. 3*64 to 6-88 

r. j-ofi 

ipunfUtored- 2*47 to 7*lir 


Olive oil, Algerian 
,, Bari salad 

,, Candia 

,, OallijKtli 

,, Gioja 

,, Levant 

,, Malaga 

„ Mitylene 

,, Phai-ma 

,, Smyrna 

,, Seville 

,, Suljjhui- 

Palm oil . 

„ Lagob. 

,, bleached 
Pilchard oil, brown 


2- 62tel3-72 

1-36 • 

3- 78 to 82-43 

12to33*Z4 
7-47 ’ 

14-0 ' 

1-82 to 20-69 
6-86 

2*39 to 4-62 

6- 72 to 11*63 
3*78 to 7-76 

53-48 to 56-06' 
24-68 to 56-06 
14-1 

14-1 to 27-49 

7- 7 


Ra])e oil, Black Sea, crude 18-68 to 20*46 
,, „ refined 1-82 to 4*84 

,, East India, refined 1*26 to 4*24. 

,, German . . 1*76 

,, Jamba . . 1-08 

Uico oil, liritisli . . 75*79 to 77*56 

Salmon oil, Californian . ^6*88toi0 08 

Sardine oil, brown . . 4-79 to 8*81 

Sea Eleplnant oil, No. 1 . 0*66 to 8*68 

,, ,, No. 2 . 1*41 to 2*82 

Seal oil, water white . 0*21 to 0*84 

,, straw . . . 0*28 to 9*17 

,, brown. . . 13*04 

,, ,, tiltcred . 6*18 to 6*80 

Scbameoil, French . . 1-85 

Sliaik liver oil, refined . 0*71 to 0*81 

Sod oil .... 7-76 to 21 *86' 

Soya oil, ciudo . 33*84 toS6‘96 

,, refine)! . . 0‘36to6-18 

Sperm oil, Arotic No. 1 , O-60 

,, „ No. 2 . 0-42 to 4-84 

,, Southern . . 0*7 to 2*86 ■ 

Sunliower seed oil, refined 0*81 . 

Tallow . . . . 1-65 to 43-71 , 

,, pros^.cd Oloo Steal ine 0’28tol?80 


Tallow oil, fine pale . 

,, pale sweet 

,, fine brown 

Tea seed oil, refined . 
i Tung oil . 
i Walnut oil, refined . 
j Walrus oil, refined 
I Whale oil, superfine . 

,, No. 1 filtered . 

• ,, No. 1 unfiltered 

„ No. 2 filtered . 

,, No. 2 unfiltered 

,, No. 3 filtered . 

No. 8 unfiltered 
„ No. 4 . 

M brown filtered. 


8-11 to 10*60 
7-73 ■-; 

14-21 

2-12 to 8-68 : 
8*60 
1-88 
1-41 

0-14 ^ . 

0-41 tor*86 ■% 
0-71 to.l*61>, 
22-31, • ; 

0-66^11*99^ 
10-68'* J- 
* 0-40t688.‘20^i 

ll'SS tJS0£91 


brown u&filtered 
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SECTION V. 

MISCIBLE CASTOR OIL. 


This is prepared by heating castor oil at 550 to 570" K. until it kises about 
5 per cent, of its weight, when it will bo found to mix with mineral oils in all 
proportions, and becomes practically insoluble in alculiol. , 


GENERAL FIGURES. 


Specific gravity.... 

. '0560 to -9720 

Acidity as oleic 

. . 0'4 to 3 per cent. 

Unsapouitiable .... 

, . 0‘53 percent. 

Viscosity ... 

. 387 to 486 at 140° V. 

,, ..... 

. 160 to 189 at 180“ F. 

Refractive index at 70° F. 

. 108;ft‘212“F. 

. 1-4784 to 1-4813 

Iodine value .... 

. 79-4 


The following arc the figures of the original castor oil, along with the 
'figures from the same oil after heating, until the loss in weight was 
6 per cent.:— 



Oiigitial Oil. 

Miscible Oil. 

« 

Specific gravity 

■96U 

•9720 

Acidity as oleic 

0-50/iier cent. 

0*42 pel* cent. • 

Uusaponifiablc 

0-57 ,, 

0-53 ,, 

Iodine value .... 

83*5 

79-4 

Refractive index at 70“ F. 

1-4803 

1-4784 

Viscosity at 140“ F. 

329 

486 • 

,, ,, 180 „ 

126 

189 

M 212 ,, 

Acetyl value.... 

83 

108 

149-6 

03-8 


BLOWN OILS. 

Th^o are prepared by blowing air through tlic warm oil until the desired 
specific gravity is reached. The oils most often blown are rape, cottonii 
ravi8on,*and more recently whale oil has been blown.* J’he rape oil lias often 
substituted by ravison, but there is also another subsVt^tion which can 
IjiJly h^^etlcted by a careful comparison of figures calculated to a definite 
specific gravity. - • ' . ^ 

'■ Mown oils should always have the unsaponifiables estimated, as sUeJ^ pile 
♦ f .80 • 

t'-'f . 








fliraBifi; cW&r’oht; ’of 

iw -wtofttiiuea blown?to si bigh specific gravity and then let down again witH 
mineral oil. . 

A sample offered as blown rape oil showed the following :■>- . 

Specific gravity . '9600 1 Iodine value . 667 I Viscosity . 879 at 140* F. 

Apidity . . 4*94% | Sapouifiable value 161 | Unsaponifiable . 18*97% 

If unsaponifiable, saponifiable value, or both, had been omitted it would 
have passed as pure but not blown very far. 

On looking over the figures given for blown cotton and rape oils it will 
be seen that the figtires agree very closely with the exception of the cold test 
of the fatty acids. The percentage of oxidised fatty acids is about the same 
in both cases, and varies from 23 to 20 per cent. 

The fallowing process has been worked out by Marcusson, depending on 
the difference in the ether solubility of the lead salts of the normal fatty 
acids%ohiblc in petrol-cthcr—that is, on the ether .solubility of the remaining 
fatty acids after the oxidised fatty acids have been removed. 

In the case of the oils themselves, weigh out about 2 grammes, and of 
mixtures weigh out about 8 grammes. Saponify as usual, shake out and 
determine the unsaponifiable, decompose the soap solution with acid and 
shako out with ether, wash tlio ether until acid free, run the ether into a 
weighed flask, distil tlie ether off, dry, and weigh. Dissolve the fatty acids' 
in 50 c.c. of petrol-ether, let stand, and filter off the oxidised acids. Distil 
off the petrol, and froi^j tht; petrol soluble fatty acids prepare the lead soaps 
as usual, and treat these lead soaps with ether. I’lie lead soaps prepared in 
this way from blown rape oil leave only traces of insoluble matter when 
treated with ether. The lead soaps prepared iu the same way from blown 
cotton oil are only partly soluble in ether, and if the portion of the load soaps 
ipsolublQ in ether arc decomposed with acid and the fatty acids shaken out 
with ether, those fatty acids have’a melting point of 129 to 138“ F. 



Eam Ini>ia K.a)'K. 

lUVI-vON. 

Cotton. 

Specific gravity 

•9600 to *9741 

•9650 to -9708 

■ *9672 

Acidity . 

4 68 to 8-12% 

6-13 to 7*14% 

7*19% 

Iodine value .... 

62-2 to70-l 

66 

65*9 

Viscosity at 140“ F. . 

800 to H39 

748 to 1100 


„ ,, 180. 

300 to 690 

313 to 456 


,, M 212 . 

168 to 276 

•250 to 295 


SaponificatioTi value. 

188 to 213 

214 

215 

Refractive index 

1*4803 to 1-4866 

1*4803 to 1-4813 

1-4803 

Unaatwnifiablu 

0-76 to 1*66% 

0*79% 

1*09% 

- Uolecular weight of fatty acids . 

800 to 320 


804 

Odd test of fatty acids 

49“ F. 

o 

98” F. 

it 


Blown Whale Oil 




Specific gravity . , .• ‘9663 Viscosity ot 212“ F. . 184 

Acidity . ■ 4*23to6-70% Saponifiable value 214 

Iodine value . . . 64*8 to 62*8 Refractive index . I*‘t774 to l*48'Jl 

Viscosity at 140“ F. . •. 289 to 376 Uusapouiliable . 1-20% 

. „ 180. ' j 
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A further examination of the saponihable matter from a sample of blown 


whale(.oii gave the following figures :— 

( 

Fatty acids insoluble iu ether . 5'26 per cent. 

,, f ,, petrol . 13’86 „ 

,, soluble in ,, 


Aloleculav Weight. 

322 

284 


BOILED LINSEED OIL. 

This is one of the most variable oils on the market, and certainly one of 
the most often adulterated, tlie chief adulterants being mineral oils and resin 
oils, or the boiled oil is mixed witli one of the boiled oil substitutes de¬ 
scribed below. 


Boilkii Linskf.p Oil. v 


Spocific gravity 

. -9370 to -9641 

0[H'n liaah 

442° F. « 

Acidity 

. 2-54 to 6-98% 

Moletular weight of tatty 


Iodine value 

. 146 to 166 

acids. 

269 to 273 

UnsajioniBaljlc . 
Saponifiable value 

. 0-36 to 2-60*^ 

. 184 to 188 

Refiactivo index . 

1-4833 to 1 4850 


The percentage of oxidised acids in boiled linseed oil varies with the 
extent to whicli tliic oil lias been boiled. Much work will have to bo done 
in this direction before commercial limits can be fixed. 

A linseed oil is useless for boiling if it separates*mucilage on heating to 
400* F., and is also useless for linoleum mainil'ucture. 

Laboratory Boiling Trial .—lieat the oil to 400“ F. and blow air tlirough 
for one hour, keeping the oil at 400“ F. after the addition of 0’5 per cent, 
resin and 0‘5 i)cr cent, litharge. 

Boiled Linseed Substitutes- —lii all eases the saponifiable should be 
estimated as well as the unsapoTiifiable. In no case must the determination 
of the percentage of volatile matter at 212* F. be omitted. 

The saponifiable is usually a inixturo of boiled linseed and resin. 

A fairly close approximation to the percentage of resin may be obtained 
by calculating the acidity of the sample to rosin, counting oi» 85 per cent, 
of free fatty acids as present in most samples of pale resin. The unsapoui; 
liable will be mineral oil, or, rarely, resin oil. < 

The volatile matter at 212^' F. is usually bciizolenc, and being volatile 
at 212" F., may be calculated from the loss on heating to that temperature. 
The exact nature of the unsaponifiable matter is easily determined from its * 
specific gravity and refractive index. * 


Boiled Oil Substitutes 
Specific gravity . 
Acidity^ . \ 

Unsaponifiable . 

•- Volatile at 212“ F. 

_£_ -. 

'. -907 to -960 
. 2 to 36% as oleic 
. 10 to 35% 

. 15 to 36% 

Iodine value . 

Saponifiable value . 
Refractive index 

Open Hash 

67 to no 

80 to 100 

1-4800 to 1-600 
80 to 120“ F. 





’•'' S^ific grifvity . 

» Acuity ‘ . 

^ UnsSpoiiifiable 

Water t . 

__ k - 

. ’9900 to '9980 

. 7*76 to 16-16% 

. 2-15 to 3-62% 

. 18-81 1041-66% 

Cold tvU . . 

Molecular weight of fatty 
acids . . • . 

48 to 62“ F. 

276 to 296 








MISCIBLE CASTOR OIL. 




Sod oila are gom^timea partly dried and then aold as water free; their 
colour ia almost black. Such a sample gave;— 


Specific gravity . 

Acidity 

Uiisapouifiablo 


. -9735 j Wutor ... . . 9-06% 

. 21-68% i Nou-tits.4-49% 

. 1-93% 


The fatty acids from iIjIn sample were sep.irated. Of these, part were 
so highly oxidised as to ho insoluble in ether, but soluble in absolute alcohol, 
solid, and deserving the appellation “resinous.” 

The sample contained— 

7'95 per cent, resinous acids insoluble in ether. 

ll'llJ per cent, acids insolnblo in [lelnd ether of mol. wt. -16'.). 

J?2‘00per cent, normal fatty acid.s soluble in petrol ether of mol. wt. 258. 

Lactones arc alw.iys fornud on lieating oxidised fatty acid.s, and the 
splitting off of water to form the.se causes low results. 'I'lie total of the above 
analysis shows that oxidation of the fatty acids is taking place at a greater 
rate than lactone formation. 

A mixture of wool grease and fish oil is often sold .\8dcgras in this country 
and America. 

Commercial Neutral Degras is neutral wool f.it. 

American Hog Greases. —'J’hose are really a \ery low quality of lard, 
and are often dirty, and may coutaiu a considerable amount of water. The 
aCdity of the hog gre<ises rises to 25 per cent.; water content, 4'78 per cent., 
dirt, 4'22 per cent. ; fat, 9LOO percent. 

American House or Garbage Grease gives tlie following figures 
Specific gravity, '9217 to •!>250; acidity, 22 0 to 15 per cent.; unsaponifiahlc, 
1’80 to 5‘IS) per cent. ; water, usually Ixdow’ 0’5 per cent., and generally clean. 
Large quantities of oleine arc made from these greases in the T.Tnitcd States, 
and in consequence these greases arc not olten marketed in any quantity in 
this country. 

Bone and Marrow Fats. —The qualities usually marketed arc— 

» Makiww I'’at. 

Loilkd ou Si’iCAMKi) HoNt: Fai'. 

Kxtkactku Honk Fat. 

It does in»t follow tiiat tlie marrow fat is the best for tlie glycerine maker, 
although it is the dearest. 



Maiuiow' Fai. 

Ibmaci) Honk Fat. 

Extuactbo 
IWnk Fat. 

Spooilic giavity . 

•5il6r) to 1)186 

•9178 to -9260 


Acidity .... 

17*9 to 36% 

9'8 to 35'25% 

43-0% 

Unsapoiiinablc . 

0-3 to 0*6% 

0-24 to l-97o 


Water . . ^ • 

about 1% 

0-27 to 2-5% 

0-63% 

Ash . -a’ ■ ‘ ■ 


0-2 to 0-85';', 

1 

Cold teat . 

70 to 80* K. 

61 to 80° F. • 

•} 80° r. * 

Iodine value . > . 

53 to r>6 

53 to 56 

fi4 to'is *• 

Titre of Fatty acids . 

38 to ir C. 

* 35 to 41° 0. j 

' 
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OILS an!) FATS^ 

Hardened Oils.—Up to the present those are ^ery variable, and the 
same process does not always give the same results, even -when working on.' 
the same raw material. 

f Iodine Value of Hardened Oils. 

^''rom Lin.9oed oil . . 21‘7to78'l j From Castoi oil . . 161 to 25 

,, Whale oil 23'7to63'5 | ,, Cotton oil . . 11 to 58 j 

The test worked out in (lerinany for the detoutiou of hardened oils from 
fish oils will have to ho ab.aiidoncd, hccause tlic violet colouration with iodine 
tincture, supposed to be given by a solution of tbo sample in a mixture of 
equal volumes of benzol and xylol containing 1 per cent, of coTiccntrated 
sulphuric acid, is also given by the follo\ving fatty acids:— 

Castor, Linseed, llapc, Cotton, Maize, Soya Bean. 

The only likely method appears to be the separation of the liquid fatty 
acids, broinination of those liquid acid.s, and separation of the bromides. The 
bromides from marine animal and fisli oils cliar on heating, whilst the bromides 
from vegetable oils and fats give a definite molting point without any 
charring. 

When hardened, castor oil has still a higli acetyl value, 154, and is in¬ 
soluble in cold alcohol, but dissolve.s on heating. « 

Detection of Nickel. —In order to make quite sure, it is necessary to 
test the sjmiple itself and the ash of the sample also. 

Boil out the sample wiLli hydrochloric acid, jiiid add to tlic acid solution 
0*5 gramme dimethyl glyoxine and 5 c.c. of 95 per cent, alcohol; if nickel is 
present the solution turns yellow, the colouration remains stalde. The aah 
with the dimethyl glyoxine develops a red colour if nickel is present. 

Different batches of the same oil treated by tlie same process may vary in 
melting point from 69 to 107° F. 

The fat carried over with the liydrogcn during haidcning is of very 
variable composition, which is only what might be expected censidering the 
difference in raw materials and also in the processes used. 

Acidity .... 34'90 to 90*40% Ovidisod Fatty acids . . 1*39% 

Unsaponifiablc . • . 0 62 to 14*35% Molecular wvighL of Noimal Fatty 

Iodine value of uiisapoui* acids.257 

liable . , . 70*8 Iodine value of Fatty acids . IS 

Cold test ... 60'* F. c 



SECTION VI. 

CHEMICAL EXAMINATION. 

SULPHONATED OILS. 

QuAlitAtive Detection. I’l.ioo .i few cubic coi\tniioti*es of the B!Iiii[)Id in a 
test-tube, and boil up with three times iU vobnne of coiiccuLratod hydrochloric 
acid until the fatty layer is (juito clear; the acid layiu* is then taken away 
with a pipette, diluted with water, and on barium chloride being added a 
white precipitate .of barium sulphate shows the presence of sulphonated oils 
ill the sample. 

Until recently, castor oil was almost the only oil that was sulphonated to 
any extent. To-day, oils are sulphonated ha\ing an iodine value as high as 
l.>0. The old methods of analysis which sulhi^ed for castor [iroducts are not 
suitable for sulphonated*products made from oils having a high iodine value. 
When trying tile test indicated above, if the oil w.is from castor or other oil 
of low iodine value, the layer of fatty acids over the acid la}er will be clear 
and l!‘!e from suspended dark 2 >articles ; but if from oils of high iodine value, 
the layer of fatty acids will be very dark in colour, and contain many eliaired 
pJlrticle.s 

In all that follows, tliosi; samples wliich do not char on boiling willi 
hydrochloric acid are given under the heading Low Iodine vohte oi/n, <uv\ the 
sainples which char under //i*/h Iodi.ne vitbieoth. 

Estimation of Water, Low Iodine Value Oils.—AVeigh u grammes 
ot tiio sample futo a Petri dish with a small glas.s rod, and dry in the water 
gvon until the diilerenco between two weighings does not exceed '2 milli¬ 
grammes. • 

Estimation of Water, High Iodine Value Oils.—'riicsc often char 
and decompose as the water e\apoiates oil ; the water in sucli samples can 
only be estim^ilcd by distillation with xylol. 

Total Fat, Low Iodine Value Oils. -AVeigh out '> grammes into a 
dish and lioil with hydrochloric acid, I acid and I water by vninme, until the 
layer of fat is i[uilo clear, cool, jiour into a sejiarator, and o.xtract twice willi 
ether, washing the ether with water until acid free, run the oilier into a 
weighed flask, distil off the etlier, dry tlie fatty acids in thotivon, anfl weigh 

Alternative method. —Weigh out into a disli and dceomjiosc as before, then^ 
add 10 grammes of stearic acid (not .parallin wax); when the whole of the 
fatty layer is (jiiite clear the (bsli is allowed to cool, the acid l.iyer imuPed oil', 
and the cake washed wWi water; tlieii the cake is melted up witli* water 
again, stirred weU,/nil' allowed to sot, and the water poureil oil', mds wasliing 
is repeated three times more and the cake dried :ni<l weighed. • ^ • 

Total Fat, High* Iodine Value Oils.— Weigh 5 grammes intp a 
flask, dissolve in 50 c.c. of jjyridiue, luld liydrocliloric acid, and lot stand on 
• 05 • 


t 
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CHEMICAL EXAMINATION. 


tlie wanu water bath for at leasst one hour with frequerft sliaking. Cool, and 
wash into a separator witlv water, add other and shake, allow to separate, run 
off the acid lujuor, and wash tl»o ether with water until free from both acid 
and pyridine. Tlio acid litjuov is again shaken out with etlier and the ether 
washed. The etlfer extracts arc run into a \seighcd llask, the ether distilled 
ort', and the fat dried in tlic oven, cooled, and weighed. 

Total Acid. —This process is applicable to all samples. 

Boil n graininos of tlie sample witli 20 c.c. of strong hydrochloric acid 
until the fatty layer is ipiite clear (neglecting charred matter if ^irescnt). 
Pour into a separator, di-ssolve the fat in ctlicr, run Llie acid layer into a 
beaker, wash the ether with water until acid free ; uniting tiie washings and 
the acid liipior, warm tlio beaker on the water b.ith until all the etlier has 
evaporated otl’ heat to boiling, and precipitate with b.irinin cliloride. The 
barium sul}>halc found is calculated to sulphuric acid. 

Free Sulphuric Acid. —A^iplieable to all samples. ^ 

Weigh out 10 gr.imnies of the samjile into a separator and shake out 
tlirec times with saturated brine, unite and titrate with N'/IO alkali, and 
calculate to siiljiliurie acid. Make a blank te.st on an eipial quantity of the 
brine, an<l deduct any acidity found. 

Alkali. —It IS not uncommon to find both .soda and ammonia present in 
the same sample of suljjhonatcd oil, the soda being added until the sample is 
nearly neutralised and linished olV with ammonia. 

Oissolve 10 grammes of the sample in water and titrate with N/2 aci<l, 
using methyl orange as indicator. A further 10 gnfinnics are distilled with 
soda into N/2 acid, and the amount found ealeiilaled to ammonia; then acid 
required for titration minus acid for distillation equals that due to soda, 
liiithcr present alone arc of course determined by titration only. 

Before examining the fatty acids fn»m sulpbonatod products, care must be 
taken that tlie sulphonated compounds are completely decomposed ; if Ihrs 
be neglected, the fatty :ieids will only give ligmes which are far removed from 
the truth. 

V[i t(» tile present we are entirely without methoils for determining tlie 
purity or otherwise of the oil used. It has already been shown (see acetyl 
v.ilue) that no process for determining the acetyl value yet dtiscriheil gives 
results anywheie near the original oil. Consequently the .leetyl value 
of no use in this <lirectioii. Tlie iodine value is no hotter. For example :— 



83 5 
135 
lit) 


84 

4fi-4 

33-3 


The only use of tin* acetyl value in the examination of sulpiionated oils 
from castor oil is to give an ide.i as to the amount of sulphuric acid used 
for snl^honation. 

Eichnple :—('astor oil, original acetyl value I49'7^ Lcwkowitsch, 

* Same after sulphonation witli 25 per cent. ulphurie acid, 
acetyl value 9G‘8, Lewkowitseh, 
fjame after sulphonation with fiO per cent, of sulphuric acid, 
acetyl value 70, Lcwkowitsch. 




The fall in the acety? value l>eing <lnc to the extent to whieh ])olynieri.sation 
of the oil has taken place, the Inglier the pevcciiLige of acid used for 
sulphonation, the greater the lowering of the acetyl value. * 

It must be romeinbered that this lowering also depends on the length 
of time the acid is allowed to act on the oil, and on tlio washing of the 
oil also. 

NEUTRAL WOOL FAT. LANOLINE. 

Prepared from wool grease by ncutralis.ilion of the free fatty acids, 
followed by c.xtrai^tion of the lUMitral fat with solvents. With the exception 
of one or two well-know'ii makes these neutral f.its aie very variable in 
(pnility. 

NeutrSl wool fat is often ipiottsl as a tat that does not turn raiaid, but 
a sample of adeps lamt had original acidity I'Ol) ]»er i-eiit. After k(‘cping 
in a rJos(‘d jar for 2^ years the acidity w.is bdJS per cent., gain of acidity 
per cent. 

If iron is present as .in impurity in .i neutr.d l.it the s.uiiplo is unlit for 
certain pharmaceutical [mrposes, and m.iy be In ht delected as follows: The 
neutral fat is ruUbed up with an .upieous soluliou of salK-ylic .leid, when, if 
iron be present, tin* paste is diMolonred, or in bad cases turned red; such .1 
sample is unlit fm ointment making, and it may p.iss the reipiireim'nts of 
the I’harm.ieopa'ia. 

S[>ccilic gravity 
Acidity . 

IfKlitie value 
SLioomlic.iluni v.iliu 
Uii- .'loiiitiablc 
Wai r . 

FOOTS FROM FATTY OILS. 

Foot.s of all kinds lequire very careful sani]tling if .my approach to 
accuracy of results is needed. 

Fools m.iy he simple settlings from .my oil or fat, from acid refining 
(rape, etc.), o^from .ilk.iline relining (cott(tn, sesame, ar.ichis, etc.). 

• The first thing is to boil up 2 or .‘I grammes ot the sample with water; 
the reaction of llie water is t.ikcn with litmu.s p.ipi'r in older to tell from 
what source the samplo h.is come. 'Pile hl.ick gn'.ises obtained by dccom- 
^posing cotton muedage with acid is usually sold on the jierceiitagc of bodies 
it contains v^iich are soluble in carbon disulphide, but, as carbon ilisulphide 
dissolves saponifi.iblo, unsaponiti.ible, ami oxiilised .icids, this method is 
obviously unfair to everybody but the seller. 

The first estimation should .dw.ays be water, by drying in the oven as 
usual. In the c<iso of I’ate d’Ar.ichide the ammoin.i will l^e driven^olT along 
with the water, and if required separately may be determined by direct 
titration with N/2 acid, using methyl orange as indicator. • 

Cotton foots, after the w.iter and dirt ostiiiiations, must be deco^iposed 
with acid and the fat filtered ilirongh a filter, tlio fat and filter being waslied 
with hot water unUb gcifl free, then dried and weighed. 'I’ho analysis from 
this point on nuvA be made on the fat thus obtained. 

Non-Fats.— -Weij^i out about 5 graimni's into a llask, add 50 f.c. oi 
ether moth., and filter into a weighed flask* the filter is wi^shed with ether 
until fat free, the ether distilled oft’, and the fat dried and weighed. ^ 


* 9400 to 
ml tu ‘i 15 „ 

19 7 to 22 7 

61 to 80 

8:c3f>to 6137' , 
0 25 to 25';., 


Asli tiacc‘-5 to 0 19",, 

(V.M list 89 to 101' F 

,, ot Kitty .iculs 100 to llO I'’ 
Moii'f ul.irwc of Fatly 
.iculh . . . 391 to 485 
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The (litlcrenco between this weijjht and the weight^taken is C(iual to the 
non-ff»ts. Tlio above will be found more convenient than trying to weigh the 
actual non-fats, ^’hich sometimes adlicre to the flask until it is impossible to 
get the whole on to tho filter pa})er. 

Free Fatty* Acids. —I’itrato 2 grammes of the sample with N/4 
alkali, using phenolphthalein us indicator. 

Unsapotiifiable Matter. —Saponify 2 grammes and extract with petrol 
us usual, saving all tho washings. 

Available Saponifiable Matter. —TIjc soap solution and washings 
from the unsaponibable estimation anj united, the alcohol evaporated oft’ on 
the water bath, the remaining solutitm decomposed with acid, poured into 
a separator, and shaken out with petrol-ether, washed with water, and 
filtered into a weighed flask, distilled off, dried, and weighed. This* gives tho 
total available saponiHal)le inattiT for soap making or for distillation. If the 
percentage of the oxidised acids is required, proceed us below. • 

Total Saponifiable Matter.— The soap solution and washings arc 
dccomjiosed with acid and shaken out with ether ineth. twice, tlic ether 
wa.shod with water until <icid free, run into a weighed fl.isk, the ether 
distilled olV, and tho fatty acids dried and woigiicd. 

* Oxidised Acids. -The fatty aeids from the total supoiiihable e.stimatioii 
are dissolveil in bO c.c of petrol ether, warming if iieccss.irv under a rellux 
tube, allowed to cool, and when cold filtered through a weighed (iltcr ; the 
filter is washed with petrol until fat free, then dried and weighed. The 
o.\idise<l acids may be dissolved off tho filter with absolute alcohol if their 
molecular weight is required. 

Stiopel has proposed to examine foots by Twitchell’s process and take the 
metluxl .IS a .standard ; foots have been put on the market, any dispute over 
which were to be settled by Stiopel in Ilerlin. It would probably be much 
better to wait until we know mon; about these oxidised acids rather Ilia'll 
attempt to standardise tlic estimation of practicidly unknown bodies. 

P.\Jh D’Al.Aeilllilc. 

Walter .and ammonia rise u]) to 12 percent, but those fo*:ts arc usually 
decomposed before being marketed. 'I’est after decoiiqiosing :— 

Spe(!ilii. giii\ ity til 9515 I Uns.ijioiutiiihle . T'15 ti> 1 90';;, 

A(-idity 2-5 97 tu | CuM lest . 23 to 55” F. 

CuTluN AlrciLAM . 


Noii-f.it’' 


S< >.i|* 



5 lo 5fi pt-i cent. 
3 to 5 ,, 

up to 40 ,, 


BlA( K (foiTOS (JULAsK. 

* (The.se .'ue tho so called American coiiceiitiatcd soap stock ) 


Specific gravKy . 
AVat^ i 
»N6iiu.iUs 

Available sapoiiilial!' 


•919710 982.') Uin'Mipomliablc .* V • 17 to 27% 

2 to 20*;;, Oxidised acids . . 2*5 to 50% 

l’37to21% I Mohcul.li weigirt of Normal 
14 to 8V% ' Fatty acnls , . . 275 to 298 



FOOTS FROM FATTY OELS. 
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R\i‘R Oil Fooin. 


Spocilic ^(i-avity . 
Aci<li(y 

Uiisuponiliablc . 

. uj) to *9800 
. 2*8 to 02 p<T cent. 

. up to 22 ,, 

Water 
(’oM test 

Non-f.its 

• 

up to 20 per cent 
. up to 55' F. 

• up to 5 per cent. 

The saponifiable matter from a sample of rape oil foots 
figures:— 

G5'89 per cent, normal fatty acids of molecular weight 
31-0‘J per cent, oxidised acids of molecular weight . 

^avo the following 

, 3:10 
. 37 G 

• 

Olive Oil Foois 


are not often found on the I'higlish market, hut some ol 
stoarino obtainable is made in Italy from olive foot.s. 

f the finest candle 

Specific girtvity 

Afirlity 

Unsapoiiifiable 

. -9*218 lo 9249 

. 13*71 to 19-35";, 

. O'-in to 9*:i6% 

Water .... (12 (c) 9f jK-i eenl. 

Moleeiilnr w< iglil of Fatly 
acids . 271 


Whai.f Oil Foois. 

• 

Water 

Non-fats 

. up to 35 per 
, lip to 15 ,, 

• 

. I'lisapuniti.ilile 

Acidity . 

iliout 1 jicr cent. 

9 per ct nt. upwards. 


SoVA 

Foo'i s. 


Afioiy 

L Unsapoiiifiable , 

. up to 20 ]»ei cent. 

. 0*96 

i Wj(.'r 

1 Non-fats 

nj) to 20 per cent. 

. 3 to 24 ,, 


1’alm 

Foots. 


Spocilio giaviU' . 
Acidify 

, Unsaponiliable . 

-9414 

up to 6u pel coni. 
22 „ 

Water. 

Nun fats 

2 to 10 per rent 

U]) to 38 ,, 


Newfoundlan !>• Con Foots. 


j Acidity f 

1 Unsajionifiahb- . 

. . 3(5 per cent. 

. rio ,, 

Water . 

Noil-fats 

12 ]K'i cent. 

• I" 


OOl’HA R^^ihuks. ^ ^ 

The colour of the oil contiiinccl in these copni residues varies from a full 
brown to almost white. * 

Oil . . . 21*39 to 36'89 ]>fr cent. I Non-fats 23'06 to 6r» 79 |m ‘1 rent. 

Water . fi 04 to {^*64 ,, | Aci.lily 43*47 lo 91-81. 




si<:(Ti()x VI1. 

FAT SPLITTING. 

Tiik two inctiiotK ill (■•oimncivi.il u^o .it tho prcM'iil tinn' av(‘ • 

I. SpliUiiiir in open vj'sm'Is at utinus])lu'ru‘ jirossuro. 

1 ^. ,, ,, auti)< l.iv(‘ with liii:li-)‘n‘sMirc slc.im. 

1. Open saponification 'mIIi linic is not c.irncd on on .1 l.ir^^c scale at 
the present tiini', the proeess(>s in use Ix-ing the castor sis'd, the Twitehell 
an*i tlie Tfeilrin^ spalter, both ot whn-h make use of naplith.iline sulphouic 
acids or tlieir salts. 

The diliiculties involved have not y<’t been entirely overcome with any 
of these processes. 

The castor seed process ^ives diflieidty in the feeparation of the fatty 
acids from tlie glyci'vine. 

The Twitehell process ^ives slow splitting, and also fatty acids, which arc 
liable to work “ foxy ’ in soap making. 

Tlu! Pfeilring spalter gives slow splitting, and diflieidty in obtaining a 
marketable crude glycerine. * 

2. Autoclave Splitting;. —At tlie jmesent time Iho action of the high- 
pressure steam is always as.sistcd; nsuaily with magnesite, slaked lime, or 
with zinc oxide. 

Even in the autoclave, using at the same time steam jiressnre and a 
percentage of alkali, the splitting obtaim'd varies not only willi’difleront fats, 
imt with dill’erenl balclies of the same fat. A miuinmin of 90 per cent, 
decomposition should always he aimed for, though there arc d’atty acids 
placed on the market which are below 90 per cent. ft need hardly be 
atatfOd th.it all autoclave samples should lie decomposed before testing. I’his 
is done by boiling uj) with 2-”) per cent, sulphuric acid until thp fat layer is 
quite clear and free from emnlsion underneath; the acid is syphoned off, and 
the fatty acids waslied four times with hot water, syphoning oil’ the water 
each time, then 2 grammes of the fatty acids are titraU'd with N/4 alkali, 
and calculated to oleic acid. 

All aiTtoclave *fatty acids after decomposing should be tested to make 
4 ure that the sample is free from insoluble soaps (this teat should also never 
be omitted when ti'sting commercial fatty acids). This may be done very 
quickly by shaking up 1 to 2 grammes of sample witli 10 c.c. of petrol-ether 
(•C4); tf insoluble soajis are present, a turbid or sttky^iipearanco is seen. 
The amount Af insoluble soap sullicicnt to cause this silkin^^ although small, 
Ij/ts a rfecidcTl influence on the pressing of such fatty ^acids; fatty acids con¬ 
taining iiisoluble soaps will not seed |>roperly, and therefore will not press. 

Alkalies and bases generally may be determined by adding excess 
. / . 70 
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of standard acid In presence of methyl orange, boiling well, hltering, and 
washing with boiling water until filtrate is free from acid, and titrating hack. 

The actual estimation of the insoluble soaps is best d(m^ by dissolving 5 
grainmes in bO c.c. of (If petrol-ether, filtering through a^ueighed tiller, and 
washing lilter with petrol until fat free ; distil oil the petrol, and dry ajid 
weigh the filter. Cominereial tatty a<-ids may contain as much as !) to 10 
per cent, of insolublo soaps. The gn-atest ollendcrs are the explosive mnnn- 
facturers, who split fats for tlio glycoiine only; the fatty acids are to them 
a hye-product. Water should always he examined for. 

I’he following figures will show how far many eoimnorcial products are 
from reaching the normal 00 per cent, decomposition :— 
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Fatty A< ios i uom 

• 
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6 99- 1 
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Fiists Caster 

9491 

HI 1 ' 

0 57 

89 1 

1 

28 1 

Soc<iiiiK (Jaati)i 

9418 

89-1 : 

0 81 

SO 

! 

24 

Colton Oil 

( 9210- 
1 9242 

74 4 

96 6 

0 7 1 

1 29 j 

1118 


86 98 

Ib'.nng, Malabiii 

1 OOlt)- 
1 9284 

89 so¬ 
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0-79 
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Jiipan Fish Oil 

I Sl.'il- 
\ 9245 

.89 5 

90 2 
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78 4 
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lanscod Oil 

9164 

( 78 6- 
f 8,s 3 

11 1 

1 18 ) 
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27 43 

MaireOil • 
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t 9109 

j 88-91 

1 1 9- 1 
12 41 j 
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63 73 

! ILipe Oil» 
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\ 911.9 
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1 22 [ 
2 48 1 
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1 
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Salmon Oil 

9142 

I SG-4 1 

1 87 7 I 

0 9.8 
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Se.i Rh*plu*it Oil 

9048 

88 91 

0 3C 


1 

53 

S. Ill Oil . 

9112 

90 2t 

0 99 



59 

.Sesame Oil 


99 41 
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Soya Bean Oil. 

1 9059- 
[ 920? 

84 .0 

91-7 

0 97 t 
2 II f 

124^141 

* 
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Wliale Oil 

• 
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\ 9255 
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1-59 
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* FATTY ACID DISTILLATION. • _ 

The distillates obtaiiiirf from antoelafc fatty acids vai;y in lest accflidiiig 
to the raw mat. rial and the lenalh to nhieh llio distillation 1ms l.een carried. 
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Non-fatty matter h never present in distillates; i(^ a sample olTercd as 
(iistilkitc contain-s non-fatty mutter, it is a proof of incorrect d<*scripiion on 
the part of thC party ofVerin^ the sample. Tlu; molecular weight of the 
fatty acids in fatty aci<l <}istiliates is almost inv.iriahly lou(*r tliaii 28:J, so 
tliat titration on'282 may give; results .*5 to 5 ])er cent, above the trntli; the 
only safe motluKl is to <!etcrniinc tlu; unsaponiliablo niatb'r by extraction 
with petrol. 

Fatty Acid Distillates. - 

Specific (iravity up to 'IPlGO. 

Free Fatty Acids up to t)8'r) per cent, gravimetric. 

Ihisaponiliahlc usually helow per cent.; may rise to 10 per cent, in 
bad samples. # 

Iodine Value oT to 75. 

('old Test 20 to 120' F., according to origin. 

It should not be forgotten th.at the iodine value of the distillates bears 
no relation to the iorliuc value of the original oil or fat. For (‘xample* 
An oil having an iodine value of 125 wlieii autoclaved, decomposed, and the 
fatty acids distilled, gave a distillate having an Iodine value of 75. The hack 
ends of the distillate are usually redistilled, but the back cn<ls fiom the mon^ 
Ihiiil oils have been soM as elotli oils. 

Back Ends from Fatty Acid Distillation.— 

Specific Gravity . ’9128 to 9760 I llnsaponifialilo . 8'46 to 89T)6'Xi 

Five Fatty Acids . 31 *02 to 87-77% | CoklTest . . . 35 to 74“ P. 

The amount of combini'd fatty acids will of course do])ond upon the 
amount of undceompos<sl fat left in the fatty acids distilk'd. 

Tlie products from the g.is condensers havc^ also been marketed at times 
as textile oleines; these oils from the gas condensers an* characterised by a 
more or les.s strong smell of acroleino. 

Oil nioM GAf> Condknskus. 


Specific Gravity. . *9067 I UnsHpoiiiliablo . 29-65% 

Free Fatty Acids . 66 to 100"^, as oleic 1 Cold Test . . . . 48 to 78 1. 


Pressing of Fatty Acids. —Tlio cold tost of tlic oleine from tl»e 
pressing of fatty <acids is (ndy dependent on the temperature at which the 
fatty acids are pressed. 

The melting point of the stearine from the same f.itty acids depends not 
only on the tem[)crature at which the fatty acids arc pressed, but also on the 
physical condition of tiie fatty achls themselves. 


*4 


< 

Fati'y Acins. 

1 

Olbine. 

. - .. 

Steaiunk. 

Free Fatty Acids . 

87-42 

4J4;9iL 

95-18 

Cold Test . * . 

82* F. 

24° F/S. ^ 

113“ F. 

. 0 

Free Ffity Acids . 

91*65 

88’13 

100 

Cold'Test . , 

? , 74* V. 

20° F. 

118* F. 
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Candle Stearine^.—Tlie froo fatty acids in distilled candle stearines 
when calcnlated to oleic acid are almost always over 100 per cent.; t)^is is 
owiiij; to the fact that the molecular weigiit of tludr fatty a1;ids is nsnally 
from 2G5 to 275. These steariiies are never entirely free from unsaponihahlc 
matter, which may amount to from 2 to 2 per cent, in the*i)oorer ((ualitics. 
In saponified caudle stearines the Free fatty acids calcnlated as oltno acid may 
bo as low as 93 per cent., oven when the meltinj:' point is over 130* K. The 
iodine value varies with the .source of the material, ami also with the })roccss 
used in manufacture', and may rise to 2H. The ash should alway.s be 
determined ; an amount of ash that is immaterial for most piirposi's is fatal in 
a candle stearine ; the percentage of ash should be so low as to he unwoigh- 
ablc wiicu 4 to 5 grammes of the sample arc l)urne<l off. The melling point 
of tlio col(r*prcs.s(‘d stearine varies with that of the distillate pressed, and 
als4) to some extent with the .season of the year. 


IMJ PoiN r OF 

MjCL'I INII PoIN r OF 

in'IILi a I e. 

(;(U.D-l'1tl'>Sir|t Si I'.AKIM 

88 F. 

^ lll'F. 

yo r. 

' 110 ,, 

90 

1 112 ,, 

72 .. 

11.5 ,, 

75 

117 


This stearine is afterwards hot juossed in order to remove the last portion 
of the <*d, the melting point of tlie hot-pressed stearine varying with the 
tempera'lire at which the liot pressing is carried on, the time in the press, 
awl also with tlu' pressnrt' ap])li('d. 


M FL'llNO PoiN r 01 ' 

Meliinc Point oi 

('OI.]»'l'KF.SSKn Sl'KAniNK. 

Hot-I'i;i'''S|. ji Si i- \kinf,. 


__ 

iir F 

120’ F. 

112 ,, 

128 ,, 

117 „ 

128 „ 

118 „ 

133 ,, 


The hot-pri'ss oil obtaiiu'd during hot pressing is either redistilled or sold 
for textile soap making. 

These hob-press oils usually test 95 to 100 per cent, free fatty acids, 
the unsaponifiable may rise as higli as 7 [)cr cent. The melting point varies 
with that of the cold-pressed stearine put through the hoi presses. ^ 

The iodine value of the hot-pvoss oil is governed more by the origin of the 
material than by the tempi'rature at which the hot pressing takes place. 


ITo'i-PKKss Oils. 


Slwcilic Gravity '9172 to *9315 

Free Fatty Acids . . 95 to 100% 

Unsaponifiable. . •1*40 to 6*72% 

Iodine Value . . 71’2 


Open Flasli 
Mt'ltnig Point . 
(Jolil Test 


SfJO to 340'^ F. 
96^to 11*4,, 
87 to 109 


—• 
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0 OLEINES FROM PRESSING OF FATTY ACIDS AND 
• FATTY ACID DISTILLATES. 

^rhose oloiiiQS arc of two classos : — 

1. Snpoiiijic.ition oleines, from tli« pressing of fatty acids, from decomposing, 
after antocliiving or other s|ditting process. 

2. Distillation ()Ieiiu‘s, from products winch liave been distilled after 
splitting and the distdlate pressed. 

Ten years ago the iodim* values of saponification oleines ran from (55 to 
KO per cent lower figures than any distilled oleines on the market; this 
constitutes a good distinction hetween tlie two classes, Imt at the present 
time there are saponified oh'incs on the market- with iodine v/vlm's up to 
110. 'Pile old distinction is now ri'Vi'rsed, and at tlie presi'iit time an 
oleine with an iodine v.due over 110 is most probably a saponification 
oleine. ' 

On disidlation the nndecomposed fat present in the material distilled is 
broken ii)), wliilst in saponifieil (deities all the nndetumjiosed fat is found in 
tlio oleine, and this difference in tin* amount of eomhmcd fatty acids pr(‘sent 
is the most dcliniio diff'erenci' hetween the two classes, a'ld may in the case 
of saponified oleines rise to It^ per cent. 


DrsriLi Fi) 

Ol-FINF.S. 

Saponiucviion Oikink-'. 

Pur cent. (Combined Fivtty Acids 
American P,ro\vii . . . .Ill 

Dutch . . 1 41 

American ,, 0 6C 

Kiencli ,, ... O'fil 

V „ . . . . 0-98 

IVr cunt Cuniliim.d F.ittj 
Fiom 5 lo 18 

Adds 


lOlllNE 

VAM'KS. 


I)jsTir.I,A 1 ION Ol-KINFs. 

Sai'ovificV IION Or.l'iNRs. 

Aineiican Pale . 

,, buiwn 

Australian Pale 
belgian Pale 
,, blown . 
Dutch Pale 
,, lb-own , 

Ft end* Pale 
,, Brown . 

821 t'. 113 3 

76- 8 to 110 

77- 9 
. «2-7 

83 4 to 87-7 
. 82 2 

aO-5 to 80-1 
. 84-4 

. 79-1 to 88-9 

Brlgiaii r<du 

,, Ib'own , 

bngiisli Palo 
,, brovvti 

Fuiuh ,, 

.S|)aiii‘'li blown 

09 .^> , 

♦16 4 

99 5 

73-0 to 140 

82-9 to 132 

80 

• 

Saco.nificaiiov VAt-iri'.s. ^ 

- 


A^icrican^Browti 
Australian P<ile 
• ,, bre^vn . 

. 194 lo 201) 

. 204 

2*^ 

Dutch Pal(! . . * . 

Kngli.sh Ib'owh 

19.6 

180 to 19.6 
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RkFRAO'I IVK iNlUf’F-s AI 70’ F. 


Afticricaii I’ale, r4f)«>8 t<> 1 1678 

,, litowu, ,, l'4ri96 lo 

Australian l^ilo, ,, 1'462G 

Belgian Paly, .. 1 1626 to 1 1606 

,, Blown, ,, 1 1626 lo 1 1676 

,, ,, Sapoiiiliod 1M»)26 


Dutch Pale, Distillyd 
,, Brown, ,, 
English Pale, ., 

,, Blown, ,, 
Flench Pah-, 

,, Jliown, ,, 


1'46I6 to 1 4021 
* 1-4626 
1 4666 to 1 1700 
1 4615 
1 4016 
1-4636 


Unsaponifiable. — In sapoiiifu'd oloinem ilin imsinionifialtli? .slionld never 
rise above 2-5 [ler cent., but in distillod oleines the amount of nn.sa]jonifial>l<‘ 
will depeinl. on the r.iw material, the care tnken during distillation, and also 
on the amonnt of distillate collected for pressing. 

At tjie presmit time oleines are usually sold on tbo [icreenlage of sapoiiiH- 
abU* matter tliey contain, so the only thing necessary is lo see that tiic lest of 
t)ie bulk is tspial to that of the sain[)Ie which w.is hought on. 

The molecular weiglit of th(‘ fatty acids from oleines <lo not vary far fiom 
that of oloic acid f-hSii), from 1170 to ‘JsT. 

Eviporatu)!! Loss on Healing to 212’ F. for I'lucc Iloiirs , 

... . . I 

Belgian Brown, Dislilh-d .0 43 [)err('nt. j 

English ,, ,, 0 62 ,, , 

Anieiiran ,, ,, . • 0 67 ,, 1 


ViscesriY AT 70 F , Rkdwooi* 


loiUNK V \I.t-KS 

American Pale, Distilled 

192 

87 

,, Blown, ,, 

An-iraliaii Pah-, ,, 

ISO ' 

89 

1.62 , 

.SO 

Dutch P.ilo, ,, 

168 

82 

,, Blown, ,, 

206 

85 

j Wnglisli Brown, ,, 

,, Sa])Oiuticd 

20.6 

86 

212 


1 Ficnch Britwn, Distilled . 

1S5 

si 


The above figures show that contrary to wiiat one would o.vpect from 
analogy to the fatty oils, there is not even a general relation between iodine 
value and viscosity. 

Oxidised Fatty Acids. —Here again tiie pcrcimtago yf oxirlisjid acids, 
though only small, has a most decided inliuence on the colour of the oleine :— 
French Brown distilled, 0-85 per cent.; American Brown distilled, 1-35 
per cent. ^ 

It will be found that, taking different samples of tiio same make, the 
lower tho cold test, ii»ibfglicr the nnsaponiliable and iodino values will be. 

“Gilding’.”— •biability of oleines to cause staining of woojlen goods, 
technically called gilding. ** » 

The cause is the i)rescnce of fatty acids from semi-drying^and drying oils 
in the oleine. The liability of an oleine to cansi* gilding io much incrcf^sed in 
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the presence of water. An oleine that will i^ot stain ffieccs or yarn, oven after 
lyin,^ ill pile in the grease for a year, will do so in two or three months if 
water has any access to the gocMls—say, tinoiigli a ilefective roof. When the 
goods come U) ho scoured, hleached, and liiiished these stains show up iiiore 
plainly than ever. I'p to the present no method of removing these stains on ^ 
a commercial scale has been found, the latest process put forward being the 
use of hydrosulphitc of soda (HyraldiU', Kongalite, etc.) and soap. This 
certainly removes part of tlic stain, hut the stain is still quite visible even 
after repeating this treatment throe times. 

.\t the pi'csent time there arc so many mixtures sold as oleine that the 
iodine value, in spite of the reliance jilaeed upon it by most iJeople, is of no 
value whatever. The figures from Uallantyne’s Specific Temperature reaction 
are much more reliable, and are obtainable in a few minutes, ^lackey’s oil 
tester also gives reliable results within three hours. 

A mi.vod oleine used for white* yarn, and known to cause gil<li>ig, oven 
when the yam was kept quite dry, had an io<line value of 6‘i’3 —a ligurc 
which would be considerecl as beyond (juestion by anyone who judged by 
iodine value only—but the same sample m Mackey's tester rose to 240’ F. in 
one hour, and to 300’ F. in cighty-two minutes. The speeilic temperature 
reaction of the same sample w<is 100. Those arc ligurcs to ho expected from 
an oleine which is known to cause gilding of dry yarn. It may be taken tliat 
there is no certainty that an oleine will not cause gilding if it risi's ahovo a 
temperature of 215“ F. in two hours in Mackey’s tester, or if it has a specific 
temperature n^action higher than 90. If the specific temperature is not over 
100, it will only gild under exceptional circumstances. 

In these oleines, like those from recovered products, thi* refractive index 
rises with the fall of the cold test. 

A sample of French brown oleine, after ki'Cping for twelve months, had 
separated a large amount of steariiie (over 90 ])ev cent.), tife liquid portfon 
was poured off, and the liijuid and solid portions tested separately. 


Liaeii' PouTioN'. 

Solid Poution. 


• 

RffratUivc link .X ... ! 1’4680 

1-4666 

Cold Test.I 42° K. 

*.^>4° K. 


For the IbP. tests for Acidum oleiciim, see the limits at the end di 
the book. 
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SECTION VMM. 

GLYCERINE. 

Qualitative Detection. —Heat the substance to be te.sted in‘a te.st tube 
with twice iU weight ol’ |>ot{issiniu l)is>ul))h:it(‘, if glycerine is present, 
acrolcinc is given oil, possessing a most penetrating odour, and causing a 
copious Ilow of tears ComnuTi-ial glyecrincs aie derived from two sources:— 

1. Tli(‘ w.i.sle lyes of the soap-maker. 

2. Tlio splitting of fats by open processes or in the autoclave, by the 

candlc-maker or explosive-maker. ^ 

The second class is always the purest, and the easii'st to work up for 
dynamite glycerine or for “chemically pure,” 

The soap-makers’criulc of the prev'Ut time is a \ ery dillereut article to 
that of twi'uty ye.irs ago. A lirst-class soap-maker’s crude at the present 
tiuiu docs not contain H) per cent, ash, whilst catidfo-makers’ crude is usually 
sold on a basis of OT) per cent, .ish, with an allouance for every 01 per cent. 
ab()V(‘ or below this figure. 

All commercial glycerine is bought and sold oii the results obtained by 
the oiVicial method, whieli is given below. 

The following method of the International Committee of 1011 must A-e 
used for all analyses in buying and selling:— 

Sampling.—The most satisfactory method for 8am[>liiig crude glycerine 
liable to contain suspended matter, or which is liable to deposit salt on 
setting, is to have the glycerine sampled by a mutually approved sampler as 
soon as possible after it ha-s boon tilled into drums, but in*aiiy case before 
sep<iration has taken place. In such c.ises he shall sample with a .scctioiytl 
sampler, then seal the drums, brand them with a number for bleutilication, 
and keep a record of the brand iiiimbor. The presuiiee of any visible salt 
or other suspended matter is to be iiotid by the sampler, and a report of 
same made ni liis certificate, together with the temjicrature of the glycerine. 
Each drum must be sampled. 

Glycerine which lias do[)Osited .salt or other matters cannot ho accurately 
8<ampled from tlie drums, but an approximate sample can be obtained by 
means of the sectional sanijiler, which will allow a complete vertical section 
of the ^ycerine'to be taken, including any deposit. 

Analysis.— 1. Free cavstk alkali. 

Weigh 20 grammes of samiile into a 100 c.c. Hask, dilute with about 50 
c.c. of freslily boiled distilled water, and add an e.xcess of neutral barium 
chloride solution, 1 c.c. phonolphthalcin, make uji t ojj ic mark with fresidy 
boiled distKled water, and mix. Allow the precipitated .settle, draw olT 50 
c.c.|Clear‘li<pior, and titrate with N/1 acid, calculate to Na./) proscut as 
cipistie alkali. « 

2. Ash arid Total Alkalinity.— Weigh 2 to 5 grammes into a platinum 
■* 78 • 
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dish, Imrn off the glycocinc over a luminous Argand burner, the temperature 
being kept low to avoid volatilisation and formation of sulphides. When.tlic 
mass is charred to the point that water will not become coluiued by soluble 
organic matter, lixiviate with hot water, filter, wasli, filter, ignite the 
residue in the platinum dish, return filtrate and washings to the disli, 
evaporate, and carefully ignite without fusion, and woigli the ash. Idssohe 
the ash in distilled water, and titrate the total alkalinity, using methyl orange 
cold or litmus boiling. 

.‘k Alkali present as Carbonate.— Weigh lo grammes, dilute witli 50 
c.c. of distilled water, and add bufficient X/l IK.’l to neutralise tlie total alkali 
found at (*J), boil under lellnx condenser for ton lo twenty minutes, wash 
down the condenser tube with distilled water free from c.irbon (lioxiilc, and 
titrate hack with N/l N.iOlf, using j)lienol[))ithalein .is indicator. Caleulato 
the perct'iitage of Na_,0, then deduct the Na„() found in (1). 1’hc dilVerenec 
equals Uio Na^O existing as carbonate. 

4. Alkali combined with Organic Acids.— 'I'bo sum of the jier 

eeiitages of found at (I) and (’J) deducted from the percentage found 

at (2) is a measure of the Na,0 (lomhmed with orgaiite acids. 

5. Determination of Acidity.- - Weigh 10 grammes, dilute with 50 
c.c. of earbou dio.\*de-frec ilistillcd water, .ind titrate with N/l alkali and 
phouojphlhalein ; express m term of Na.O r(‘(juiiefl to noutralise 100grammes 

0. Total Residue at l6o* C. -—For this llie crude sliould be slightly 
»ilkaliue with N.t,(M)„ not exceeding the equivah-ut of 0 2 per cent. Na,0 in 
order to )»revent the lo-^ of organic acids. 1’o avoul the formation of 
diis .dkahmty must not be e.xceetled. 

Preparation of (ihiarine.-- Ten gr.imnies arc weighed into a lOO c c. flask, 
(liinted with w.iter, and the calculated <]uantity of iS/l IIC’I or .N’/l NaXtJj 
add<;d U give the re(piired degree of alkalinity. The ilask is made up to the 
i)*<iirk, mixed, and lO e.c. measured into a wMiiglied I'lffri or similar dish of 2^" 
diameter and ]^' dei'p, which should have a flat bottom, lu the case of 
crude glycerines abnormally high in organic residue a less ijuantity is to be 
evaporated, so that the weiglit of organic residue docs not materially exceed 
30 to 10 milligiMiumes. 

Kvaporation^f ilm (f'h/cirine —The dish is placed on a water bath (the 
top of tiic 1(>0“ </. oxen acts equally well) until most of the water has 
evaporated. *kVom this point the cvapor.dion is effeitcsl in the oven. 
yatisfacLery lesults are obtained in an oxen mc.isuring 11 inbie inches 
liaving an iron plate, ] ineli Lliick, lying on the bottom to ihslribiite the 
b'eat. Strips of .isbestos millboard .ire placed on a shelf half-way up the 
oven. On these strips the dish containing the glyeorini' is placed. 
If the temperature of the oven has lioon adjusted to l()0“ C. with the door 
closed, a temperature of 130 to 110 C. can be m.imlained with tlio door 
l*artly open, and the glycerine, or most of il, sliould bo oxapurated off at 
this temperature. When only a slight vapour is seen to cifine oil, die dish 
is removed and allowed to cool. An adilition of 0-5 to I-0 c.c. of distilled 
water is made, and by a rotary motion the residue brought wholly or nearly 
into solution. The dish is llion allowed to remain on a water hath or top of 
the 100“ (J. oven until tlio*cxeess w'.ater h.is evaporated and the residue-is in 
such a condition that mi returning to the oven at 100 C. it wi4l not spit. 
The time taken up to this point cannot be given definitely, nor is it flnporl^nt, 
but is uyu.illy two to tlirde hours. From tliisjioinl, however, the schedule of 
time must be strictly adhered to. The dish is allowed to remaiif in the oven— 
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ttie indicator at this.point will cause a return of {he'pihknh;:dolovii^; this' 
^u6b be neglected, and the first end point taken. . 

From the rJ/l NaOH consumed calculate the percentage of glycerol after 
making the correction for the blank tost described below: 1 o.o. Na09 N/1 
lequale 0*03069 gramme glycerol. 

The coefficient of expansion for normal solutions is approximately 0*00033 
per cubic centimetre for each degree centigrade. A correction should be 
made on this account, if necessary. 

Blank Te%i .—As the acetic anhydride and sodium acetate may contain 
impurities which afiect the result, it is necessary to make a blank tost, using 
the same <iuantitios of acetic anhydride and sodium acetate as in the analyses. 

After neutralising the acetic acid it is not necessary to add more than 
6 c.c. of the N/1 alkali (D), as that represents the excess of alkali usually left 
after saponification of tlie triacctin in the glycerol d(3termination. 

Determination of the Acetylisable Impurities.— The total* residue 
at 160“ C. is dissolved in I or 2 c.c. of distilled water washed into a clean 
acetylising flask of 120 c.c. capacity and the water evaporated. Now add 
acetic anhydride and anliydroiis sodium .acetate, and proceed as in tl»e glycerol 
determination before described, and calculate the result to, glycerol. 

Analysis of Acetic Anhydride.— Into a weighed stoppered vessel' 
containing 10 to 20 c.c. water run about 2 c.c. of the acetic anhydride, 
replace stopper, and weigh ; allow to stand, with occasional shaking, for several 
hours, until all the acetic anhydride is hydr()Hse<l; then dilute to about’ 
200 C.C., add phonolphthalciu, and titrate with N/i NaOH. This gives the 
total acidity duo to free acetic iieid and acid formed from anhydride. 

Into a stoppered weighing bottle containing a known weight of recently 
distilled aniline (from 10 to 20 c.c.) measure abovit 2 c.c. of sample, stopper, 
mix, allow to cool, and weigli. Wasli contents into a))out 20 c.c. of cold water, 
and titrate acidity as before. This yields the acidity duo to the original pre¬ 
formed acetic acid plus half the acid due to anhydride (the other half having 
formed acetanilide); subtract the second result from tlie first (both calculated 
for 100 grammes) and double the result, obtaining cubic centimetres N/1 
NaOH per 100 grammes of sample; 1 c.c. N/1 NaOH equals 0*0510 aoetie 
anhydride. 


DICHROMATE PROCESS FOR GLYCEROL DETERMINATION. 


UlUOKNTH HkQUIRKIi. 

A. Pure potassium dichromate powdered and dried in air free from dust, 
or vapours at 110 to 120“ Cl This is taken as the standard. 

B. Dilute dichromate solutioh. 7*4504 grammes uf the above dichromate 
(A) arc dissolved in distilled water and the solution made up to 1 litr6 at. 

. .16*6*0. 

C. b'errous ammonium sulphate. Dissolve 3*7282 grammes dichromate 

(A) in 50 c.c. water, add 50 c.c. of 50 per cent, (by vol.) sulphuric acid, and toi 
the cold \iudiluted soh\tion add from a weighing bottle a moderate excess t>f 
the ferrous ammonium sulpliate, and titrate l)ack with the dilute dichronaaie 

(B) ; balculate the value of the ferrous sulphate in of dichrbmate. r ' • 

D. Silver carbonate. This is jjreparerl as required ifyr each test 
140wj.c. of 0*5 per cent, silver sulpliate solution by precipitation with 

■ 4^ e.o. N/1 sodium carbonate solution (a little less tljan the calioUl#^^ 
v'AP&ntity of I^/l sodium carbonate should be used; any excess of 

* . - -'"i . 
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ot^^opAte' prevents settling), settle, decant, and wash once,by 

d^ntation^ ' « 

; E. Subaoetate of lead. Boil pure 10 per cent solution of lead acetate 
with' an excess of litharge for one hour, keeping the volun^ constant, and 
hltiute while hot. Disregard any precipitate wliich subsetpienlly forma, and 
preserve out of contact with carbon dioxide. 

F. Potassium ferricyanido. A very dilute solution oontainiug about 04 
per cent. 

Procedure. —Weigh 20 grammes of the glycerine, dilute to 150 c.c., 
and take 25 c.c.; add the silver earbonato, allow to stand, with occasional 
agitation, for about ten minutes, and add a slight excess (about 5 c.c. in most 
cases) of the basic lead acetate (E) ; allow to stand a few minutes, dilute 
with distilled water to 100 c.c., and then add 045 c c. to compensate for the 
volume of the precipitate, mix tlioroughly, liltcr througli an air-dry filter into 
a suitablt^ narrow-mouthed vessel, rejecting the first 10 c.c. and returning the 
filtrate if not clear and bright j test a portion of the filtrate with basic lead 
acetate, which should .produce no turtlier precipitate (in the great majority 5f 
cases 6 c.c. k ample). Occasionally a cnulc will Ik; found retjuiring more, and 
in this case aiiotlioa alupiot of 25 c.c. dilute glycerine slmiild be taken and 
purified with 6 c.c, basic aoetato. Caro must bo taken to avoid marked 
excess of basic acetate. 

Measure ofT 25 c.c. of the clear filtrate into a glass flask or beaker 
(previously cleaned with ^pota.ssium dichroinate and sulphuric acid), add 
3*7282 grammes dichroinate (A), rin.se down the dudiromalc with 25 c.c. 
water, and stand, with occasional shaking, until all Iho dichromate is dissolved 
(no reduction will take place). 

Now a(ld 50 c.c. of 50 per cent, (by vol.) sulphuric acid, and immerse the 
vessel in boiling water for two hours, and keep protected from dust and 
oceanic vapours, such as alcohol, till the titration is completed; jwkl from a 
weighing bottle a slight excess of the ferrous ammonium sulphate (C), making 
spot tests on a porcelain plate with the potassium forricytinidc (E); titrate 
tmok with the dilute dichroinate. From the amount of (licliromate reduced 
calculate the poj^centage of glycevolVjj. 1 grammo glycerol equals 7'd564 
grammes dichroinate, and 1 gramme (iichromate C(pial.s 043111 gramme 
glycerol. 

Notes. —r. It is important that the concentration of acid in the o.xidation 
mixture and the time of oxidation should be .strictly adhered to. 

*2. Before the dichroinate is added to the glycerine solution it is essential 
that the slight excess of lead be precipitated with sulphuric acid, as stipulated 
in the process. 

3, For crudes practically free from chlorides tlie (piaiitity of silver 
^r^nato may be reduced to one-fifth and tlie basic lead acetate to 
0 * 6 . p.o. • • 

■ 4. It is ^metimes advisable to add a little potassium sulphate to ensure 
^AleaF nitrate. 

Instructions for Calculating the Actual Glycerol Content.-*-!. 

I^terraine the apparent percentage of glycerol in the sample by the aeptin 
pre^es^ as described. Tkc result will include acetylisable impuritips if any 

^ 

- Determine total residue at 1G0“ 0. 

Determine the acetin value of the residue*at (2) in terms of glycerol. * 
the result found at (3) from the percentage obtained at 
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OLYCERINB. 


Report this corrected figure as glycerol. If volatile acetylisable’ impurities 
are present, tt^ese are included in this figure. 

Notes and Recommendations. —Experience has shown that in crude 
glycerine of gooj^ commercial quality the sum of water, total residue at 160* C., 
and corrected acetiii result come to witliin 0'5 per cent, of 100. 

Further, in such crudes the rlichromate result agrees with the uncorrected 
acetin result to within 1 per cent. 

In the event of greater differences being found, impurities such as poly¬ 
glycerols or tri-methylene glycol are present. 

Tri-methylone glycol is more volatile than glycerol; it can therefore be 
concentrated by fractional distillation. An approximation to the quantity can 
be obtained from the spread between the acetin and dichromato results of 
such distillates Tri-methylene glycol gives by the former method 80'69 per 
cent, and by the latter 138-3 per cent., e.vprcssed as glycerol. In valuing 
crude glycerine for certain purposes it is necessary to ascertain the^ approxi¬ 
mate proportion of arsenic sulphide, sulphites, and thiosulphitos. The 
methods for detecting and detormiuiug these impurities have not formed the 
subject of this investigation. 

Recommendations by the Executive Committee.—If the non¬ 
volatile organic residue at ICO'’ C. in the case of a soap lye crude be over 2'6 
per cent.— i.e. when not corrected for CO^ in the ash—then the residue shall be 
examined by the acetin method, and any excess of glycerol found over 0*5 per 
cent, shall be deducted from the acetin figure, li^tho case of saponificatiocr, 
distillation, and similar glycerines, the limit of organic residue which should 
be passed without further examination shall be fixed at i per cent. In the 
event of the sample containing more than 1 per cent, the organic residue must 
bo ncetylated, and any glycerol found (after making the ded\iction of 0*5 per 
cent.) shall be deducted from the percentage of glycerol found by the acetin 
method. " 


SAMPLING CRUDE GLYCERINE. 

The usual method of sampling crude hitherto has been by means of a 
tube, which is slowly lowered into the drum, with tliq, object of taking 
as nearly as possible a vertical section of the glycerine in the drum. This 
method has been found unsatisfactory, owing to the fact that in cold climates 
viscous glycorine.s run into the tube very slowly, so, owing' to the time 
occupied, it is impossible to take a complete section of the drum. Another 
objection to the glass tube is that it fails to take anything approacliing a correct 
proportion of any settled salt in the drum. A sampler has been devised with 
the object of overcoming the objections to the glass tube as far as possible. 
It .consists of two brass tubes, one fitting closely inside the other. A number 
of ports arc cut out of each tube in such a way that when the ports are 
opened a contMuoiia slot is formed which enables a complete section to bo 
taken throughout the entire depth of the drum. Hy this arrangement the 
glycerine fills into the sampler almost instantaneously. But there are also a 
number of ports cut at the bottom of the sampler which render it possible to 
takq a proportion of the salt at the bottom of the drum. The instrument is 
BO constructed that all the ports, including the Bottom ones, can be olc^e^ 
simiiltai^ously by the simple action of turning the handle at the top;’4 
pointer is arranged which indicates on a dial when a sampler is open 
Closed. In aaraplors of larger section than 1 inch it is possible to armog^ a 
tbir^ motion whereby the bottom ports only are open for emptying, 
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SASiPtING C^UDE GLYCERINE. 

Bajnpl^rs of smaller diifiensions this third motion must he dispensed with, 
otherwise the dimensions of the ports have to be so small that the sanfpler 
would not be efficient. • 

'Jn using the sampler it is introduced into the drum with the ports closed, 
_ And when it has touched the l>ottom the ports are opened for*a second or two, 
then closed and withdrawn ; the sample is discharged into the receiving vessel 
by opening the ports. When the drum contains suspended salts the ports 
must be opened before the sampler is pushed througli tlie salt, thus enabling 
a portion to be included in the sample. It is, however, almost impossible to 
obtain a correct proportion of salt after it lias settled in the drum. It is 
therefore recommended that the drum should be sampled before the salt has 
settled. 

A 1 inch sampler* withdraws about 10 oz. from a 10 cwt. drum. 

»• M 10 „ „ 

Tlie quality of crude glycerine i.s dependent on tin' close w.itehing of many 
small points. The following ligurcs show tliat if tlie autoclaving has been 
carefully done there is no advantage in waiting any length of time before 
drawing off the swset water: — 


SwKET Waiku fuom Auioolan 10. 

PeUOKNTAOE of Olli. 

• 

Immediately after sopaiatiiiii ... 

0 14 

Settled for | hour . 

0 19 

.. .. 1 
,, , honis 

0 If? 

0-1.') 

,, 2 ,, 

0-15 

. 2i ,, ... 

0-19 

„ 3 „ . . 

019 


Oil determined by shaking out 100 c c. with ether mctli. in separator :~ 



Hkkokr Eiiiku 

Afikh Ei'hkk 


Kxi IIACI ION. 

KXTHAC'llON. 

^Unsettled . 

2-5 c.c N/10 KOH 

2'0 c.f 

Settled for J hour 

•j-r, 

2 0 ,, 

...,1m 
,, Ill ilOUIS 

2-4 ,. 

2-0 , 

2-6 ,, 

20 ,, 

„ 2 „ 

2-6 , 

2*1 M 

.. .. 2J. 

2-4 ,, 

2-0 „ 

„ 8 ,, . . 

2-3 „ 

. 


The acidity was determined by titrating 100 e.o. with N/IO KOH and 
phenolphthaloin. * 

If the autoclaving hg,8 been carelessly done there may be considerable 
difficulty in getting a aeparation, even to the point of having acjd to add in 
prder to obtiiin separation at all. , ^ 

* Authorised makers of sampler Messrs Young i^Co., 47-49 Stanlev Street Kinncng 
Park. Gluurow. * ’ ® 







86 ’ 

'water Bfettied tlireS hoiits ftnd evapOraiM aown .i:p t*y ,\j, 

Eesiiue at 160" C. . . 1-07 jier cent. > 

Ash ... . 0‘14 per cent. 

Acidity .... 0'98 per cent, jia oleic acid. 

Sweet water settled for three hours, and then citracted with ether, auae 
evaporated clown to 110 (!. 

Residue at ICO" C. . 0*76 per cent. 

Ash . . 0*15 per cent. 

* Acidity . . 0'70 per cent. <as oleic acid. 

Saponification Crude. - A had sample whicli could not be tiltered in , 
its original state, even wlien liot, i;ave tiie following Cigures:— 

Residue at 1G()‘ d . 4 •oil per cent. 

Ash ‘1*40 per cent. 

After treatinent the ash in tliis sample fell to 1’71 per cent. A large- 
amount of the residue in tins satn{)lc was soaps of alkaline earths, caused by 
careless decomposing. * -• 

Crude glycerine is usually sold on a basis of so much per ton Jor a given 
percentage of glycerol, witii nOute below and allowanei; above. A reduction 
of 80 much per ton is usually made if the asli in the sample rises above 
given figure. The crude must have a given spechic gravity, usually 1’26. 
The acidity in some samples of saponification crude rises above 3 per cent^ 
expressed as oleic acid ; this of course adds to the difficulty of purification. 

Crude glycerine, both saponification and soap lye, always separate fatty ' 
matter on conccntr.ition. Tins separated grease is a curious product, and has 
practically no valui?. The worst sample of this grease the writer has 
sank in water, and after washing (hy kiu.'ading in water) and drying gave the. 
following figures: — 

Non-fatty Matter 49-02 per cent. 

Ratty Acids . . . hO-.I.S per cent. < - 

The fatty acids confcaiiu'd oxidised acids, with molecular weight 328, to the 
extent of 1(1*8 per cent, on the dried siimplc, which leaves only 33'58 per cent 
of the dried grease avjiilable for the soap-maker or distiller. 



SECTION’ IX. 

RESINS. 

QUALITATIVE DETECTION. 

^i^^^i’i^Ann-Storch Reaction. “-Dihsolvc ;i sni.all amount of tlio fat, 
or bettor tlic fatty acids, in a few cubic centimetres of acetic .anbydrido, warm¬ 
ing if necessary ; cool, and drop in sulphuric acid (.‘it-7 c.c. of conceiitrated 
sulphuric acid and 37*.b c.c. of water). 'I'lio presence of resin is shown by an 
evanescent violet colouration when only small amounts are pre.scnt; if large 
quantities arc present, the colouration persists for some time. 

Commercial rosins from all sources consist practically of nothing but free 
^ fatty acids and iinsaponihable matter. 'I'lns is shown by the fact of the 
amount of un.saponiflablcunattcr that can be extracted from the sample being 
the same whether the sample has been dissoUed up in alcohol, the free fatty 
acide titrated with a<|ucoiis alkali, and the iiusaponifiable matter extracted 
with petrol-other, or whether it has been saponilied by boiling with alcoholic 
potash, and the iinsaponifiable matter extracted in the usual way. 
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Sample. 

{ KitKE Fat IV 

j A(;ID^ AS Ol.FH 

IlNSArONIKIAItr.l', 

Molkuular 

Wkioh-t. 


Ter < cut 


• 

American B. 

7t)Br» 

9 03 


• „ k: 

7sS-61 to 81 9f» 

1-95 t.) 5 66 

320- 

F.*. 

0. . 

H.. 

•Bureundv Pitcli 

7rt-sr) to 88 I.'} 
85-81 to 8S-l:3 

80 02 to 87-77 

2-28 to .5-62 

331 


3 19 

* French A.A. . 

88-10 

5-.57 


.. D. . . . 

88-5.1 to 8(1-01 

5-65 


„ F. . 

90-59 



0. . . . 

01 65 



H, . 

81-08 to 82-40 

1-77 lo f8!l 

336 to 360* 

■ 

84-25 

1 57 , 

■ K. . 

86-36 

3 73 

« 

„ W.W. 

85-31 

1 08 


. „ W.G. 

84-95 

5-49 


Ow^ek F. . . . 

77-2 to 88-41 

3-45 

S19» 

- Mexioan 

77-54 to 82-84 

7 05 to 8 84 

Fortuffueae 

• SI-25 

7-67 

31^ 

■Spaniah X. . 

84 60 


: „ No. 2 .* 

82-13 

4-27 


i . a.. No. 8 . . 

, 82-13 

4-fie 

• • 

Turpentine. 

88-0 

• 


. r. 
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It 18 exceedingly difficult to obtain any approloh to accuracy when 
worKiiig on re|in8. Experiments were made with great care on a sample' of 
American H. resin. 2 57 grammes were taken, and the Baponidable and 
nnsapontfiable estimated. Tlic following figures were obtained :— 

Unsajwnifiable, 0‘1I70 gramme, equal to 4'5r> pen cent. 

Saponifiable, 2'4430 grammes, ,, „ ,, 

Total, 2’56 grammes, loss 0‘01 gramme. 

The fatty acids (molecular weight 331) were dissolved in 50 c.c. of }>etrol- 
ether to separate the petrol insohiblc acids. 

2*443 grammes were taken, giving tlic following figures;— 

Petrol, soluble, 2*079 grammes. 

,, insoluble, 0''1370 gramme, equal to 14*90 per cent. 

,, total, 2*5]()0 grammes. 

This is a gain of 0*730 gramme, equal to practically 3 per cent. 

An experiment was made to determine the loss, if any, on heating rosin in- 
the water (»vcn. A sample of American H. resin gave u loss of only 0*26 per 
cent, after six days’ heating. 

'A sample of Greek resin with free fatty acids 85*10 per cent., nnsaponifi- 
able 0*95 per cent., molecular weight of fatty acids 319, gave petrol soluble 
acids 95 per cent., molecular weight of fatty acids 340, petrol insoluble acids 
4*14 per cent., molecular weight of fatty acids 235. 

The molecular weight of the acids iu.soluble in petrol was such a startling 
figure that it was repeated, but again gave the same result. This result 
raises a grave doubt as to these petrol insoluble acids being oxidised acidS" 
at all. Kvery other sample of petrol insoluble acids, with the exception of 
those from resin, liavo a molecular woiglit decidedly higher tlian the molecular 
weight of the i)etrol soluble acids from the same sample. In this case also, 
like the American If. resin, the total weiglits came to more than the weight 
taken. The petrol insoluble acids from the Greek sample took two days in 
the oven to come to a constant weight. • 

Resin in Mixtures. —A general process for the estimation of resin in 
mixtures has yet to be worked out. In mixtures with neutral oils, mineral 
oils, vaselines, and mineral waxes, simple titration on a molecular weigbyt; 
of 330 is usually as near the truth as any other method. In cases where 
any quantity of free fatty acids are present, titration is of course no 
good. In such cases the Twitchell process is the only one available. 
The greatest drawback to this process is the fact that oxidised acids (from 
which no samples arc entirely free) are not converted into ethyl ethers 
during \ihe process. The removal of the oxidised acids removes anything 
up to 25 per cent of the resin present, so that no quantitative resulte 
can^^.bfi. obtained by treating the petrol soluble portion by Twitchell’s 

PfVill be found that results as good can be obtained by determination of 
refractive index, and calculation from the refractive index of go^* 
i^des o! the article under examination, or of the iodine values. A scaik'bf 
^hlour has been fixed for the different grades of American resin, 
official for tbe^United States. 
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The teble gives tJfe amount of yellow and red on Lovibond's scale, to 
which the different grades must conform : — • 



YI'XLOW. 

Keu. 


Y ixi.ow. 

Red. 

w.w. 

20 

2-1 

1. . . . 

40 

7-6 

W.G. 

20 

2-.5 

li. . 

45 

9-4 

N. . 

2f) 

.3-3 

(j. . 

50 

16*5 

M. . 

30 

4-6 

F. 

75 

34-6 

K. . . . 

35 

5-8 

E 

100 

62-6 


QUANTITATIVE ESTIMATION. 

Tv/itchell’s Process. —The nmonnt <>f s-ampli' to be weighed out is 
governed by the fact that after saponifyijig and l•elnoving tlio iinsaponifiable, 
decomposing the s(>ap with acid, and shaking out v/ith ether, the weight of the 
remaining fatty aci<ls is found to be al)out 5 graniincs. 

Etherification.- The fatty acids arc weighed into a 300 c.c. flask, dis¬ 
solved in 50 c.c. of abs(jlnt(‘ alcohol, aiifl ethcrihed liy leading in a steady 
stream of hydrochloi ic acid gas until the solution is saturat<‘d (this reqiiires 
from one to two hours), the flask containing the alcoholic solution to bo 
cooled in watei*, keeping the. tempcr.itnre as low as possible. The resin fatty 
acids prc.senb do not foriTi ethyl ethers. After the hydrochloric acid treatment 
the flask is allowe<l to stand for half an hour at room temperature, water is 
added to five times tin; volume of the flask contents, .and the whole boiled 
under reflux for fifteen niinutc.s. After cooling, the liquor is poured into a 
separatoi, and sluikcn out, first with 100 c.c. and tlien witli 50 c.c. of ether, 
repeating if necessary until the ether rem.iins colourless. Neutralise the 
aqueous solution with alkali, and evaporate down to kbout 50 c.c., cool, and 
pour back into the separator, acidify, and again shake out with ether, using 
25 c.c. each time, until the ether remains colourless. All the ether extracts 
are united in a separator and .shaken out with .50 c c. alkali (10 grammes of 
caustic potash* 10 grammes of alcohol, and 100 c.c. of w.iter), any brown 
middle layer to bo run oft’ with the alkalimt solution. TIu' ether solution is 
then washed with water until tlic water rem.iins colourless, then shake out 
again with 10 c.c. of the alkali s()lution, which is followed by water as before. 
The united alkali and water washings are ag.un shaken out with 50 c.c. of 
ether to remove any remaining traces of ethyl ethers, and this other washed 
with 10 c.c. alkali, followed by water, and these are united to the other alkali 
and washings. The alkaline solution is now acidified and shaken out with 
other (60 c.c. each time) until the ether remains colourless. 

The acid liquor is neutmlised, evaporated down to 50 c^c., again acidified, 
and shaken out with ether. The united ether exti'acts are washed wfth water, 
the ether distilled off, and the residue dried and weighed as resin acids. The 
German customs again treat the fatty acids obtained hy Gladdong’s process, 
but the errors in the whole procc.s3 are so conHi<lerablc, that there does not 
seem to be much gain fer the extra time spent, especially as the maifi errors 
lie in the Twitcyell half of the process. • 




SECTION X 


RECOVERED PRODUCTS. 


LIQUID RESIN. 

-This is a byc-product of tlu' .sulphite process for preparing wood pulp for 
ttie papor-umKer. It has been ottered also under the Oerman name of tall oil. 
There are oils .m the market of two di.stiiict classes; both are dark brown 
treacly fiuiils, but the two classes can be distinguished by their different 
smell. The one class—and this was the first to be marketed - has a very 
strong empyreumatic smell, .ind the second class carries a pVonounced acetous 
sfucll j this class is (]uite useless for distillatiiai, at .any rate iu the state in 
which it is,at present markeletl. 

In addition to the smell, t hese samples may ha distinguished from each 
other by placing about a gramme of the sample in t^ic water oven, when the 
normal samples are quite lupiid after lieating at this tem])eratnre for one 
hour, but the acetous samples arc quite solitl, having dries! like a varnish. 
Normal Kamplcs gave the folli'wing figures 

Sjwcific Giavity 
Free Fatty Acids 
Unsaponifiable 
Iodine Value . 


•9506 to l Oin 
70-.50 U) S7-77% 
6-75 to lO-SO';:. 
145-7 


Opou Flash 
Water 
Gold Test 


346 to 360* F. 
Up to 11% 

24 to 64* F. 


A fuller examination of the saponitiable matter from liquid resin gave 

■ Fatty Acids insol. in Ether . per cent. *’ 

I‘otrol . 9-0 ])or cent., with molecular weight 426.^ 


-The molecular weight of Utc normal fatty .icids of the same sample was 330, 
a figure not far from that of ordinary resin. 

A- curious feature of tljese litpiid rcsius is, that although the original 
sample may have a eeld lest of 30" F. or lower, ll.o uusapoiiifiablo matter 
and also the fatty acids of the sample are both (jiiitc solid at laboratory 
temperatures:—■ 

Specific Gravity . • 1 '2959 

, Free Kdtty AckE 14*45 per cent. 

Unsaponifiablo. ...... 0*1.» ,, 


^ The second class did not appear on our markets until about two and a 
half years after the first, and is distinguished from tlie first by the much 
^-higher percentage of oxidised acids it contains, which snay be as high as 40 pM 
■^ceDt. This n the only Cii.se up to now in wliicb a high porccjjtage of oxidised 
%cid8^ fquf^d together with a low percentage of free fatty acids. ^ ; 

’ * 0i|lSliates from Liquid .Resins. —The colodr of these varies 
afh^^o broyrnl'and they all turn darker on exposure to air and light. 



Llcjuil)'EK9nC‘ ■ M 
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is. slightly, einpyreumatite, but very much less strong than that of the- 
^i^ginal oil. These distillates have been placed on the market as oleines ;— 

S^lBp Gravity 9448 to‘9633 Iodine Value 94*8 

■ Free Fatty Acids . . 69*44 to 83 84% Open Flash . . 844 to 362* F. 

'VnaaiHjiimable . . 12*20 to 26*06% Cold Test . . . 36 to 53* F. 

RECOVERED GREASES. 

Many processes have been proposed and patented for the recovery of 
' greases and black oils from tlie soapy liquors of the textile manufacturer, but 
decomposition with acids, wiiich was one of tlio earliest methods, is, in this 
country at any rate, used in the production of the major portion of the grease 
marketed ; the only alternative that is uscil to any extent is the extraction 
with solvents, usually petrol or carbon disnlpliidc. 

On*docnmposing tin' soapy liipiors witli acid a layer of mixed grease, dirt, 
and fibre settles to the bottom of the tank, the acid Ikjnor is run off, the 
magma allowed to di*ain, and tlien packed into h.igs, and again allowed to 
drain further. Tlio bags are then put into a eloped press fitted witli an oj)on 
sWam-pipe. Tlie press is closed up, and steam turned on and allowed to 
heat the press and contents for about an lionr. Pressure is then applied, and 
a mixture of grease and water runs from tin' press into a well, the water being 
pumped away, and the grease pumped into a tank and heated with closed 
steam in order t<j separate the water from tlie grease; after separation the 
water is run off, and th? grease packed into barrels. 

• P'or works purposes the commercial process is carried out on a definite 
volume in the laboratory. 

The riiagma from fulling only gives . Pl.ick Oil or Soft Grease. 

,, „ „ an<l w*nrp washing gix es Plaek Oil or Medium Grease.. 

„ ,, wool ,, , Medium an<l Hard Grease. 

„ „ ,, washing only ,, Hard Grease. 

Other materials pressed hot in the sunu^ way are Shoddy Dust, giving 
Black Oil; Kiigino Cloths and Waste, giving the so-called “Pressed Black 
Oils,” whicli are of very low <]ii.ility ; Magma from Sewage VV^orks, yielding 
Slack Oils, Soft Grease, Medium Grease, and Hard Grease ; and Magma from 
Calico Printring Works, giving Printers’ Grease. 

Examination of Magma. -Magmas should always he first examined in 
•order to be certain tliat all the 80 a[) lias lieen deeojnposcd before proceeding 
with the examination. 

Water .—Ten grammes arc weighed into a beaker (iontaining a glass rod, 
and the sample dried in the water oven until it is free from water drops. 

Fat .—The residue from the Wiiter estimation is extracted with ether, and. 
the ether filtered into a weighed flask ; this is often a tedioiva operation, as the 
diift is very finely divided and stops up the pores of the filter paper. The 
Soxihlet patent gives no advantage for the same reason, 'riio ether is then • 
distilled off, and the residual fat dried in the oven and woiglicd The. dirt is 

'taken as the difference between fat water and 100. 

• 

- ’ A verage Fig lf^res. — « 

Water .... 20*70 to 77*84 per cent* 

F&t . : . . . .V7e to 07*55 

Dirt.1‘50 to 39*09 
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In o^er to find whetbor the magma from a given source will gije a good or 
poor yield of grease on pressing, when calculating out the results the percentage 
of'grease must calculated on the dry magma after driving off the water. 

The cake left in the press is called sud cake. The amount of grease left 
in the sud cake vdries with the care taken with the pressing, and in bod cases 
may be as high as 35 per cent. The sud cake is sometimes extracted with 
solvents to recover the residual grease. The grease recovered in this way is 
always to be classed amongst the hard greases. 


Gurasks exi'ractkd from Sun Cakk. 


S|>ecifio Gravity 

■9539 to -9685 

Water 

. 0*81 to 3*21 

Free Fatty Acids . 

. 17-63 to 19-89% 

Diit . 

. 2*26 to 31% 

. 86 to 91“ F. 

Unsaponilialdc 

. 32-31 to 36*02% 

Cold Test . 



_ ___ , 



The cake left after solvent extraction gave— 

Grease, 4‘26 per cent.; Water, 2*60 per cent.; Diit, 93-14 per cent. 

The sud cake is usually ground up and sold for manure, but owing to the 
low percentage of nitrogen contained, it has not nuu^li value. The sud cake 
from mills wlierc indigo dyeing is done sometimes contains a fair percentage 
of indigotin. 

Indigotin Esthmtion .—The indigotin is estini.itt'd by reduction of the 
indigotin with hydrosulpliitc. 


Rehucino Mix'Uikk. 

10 grammis of motabisulpliitc of so4lii. 

4 ,, zinc (lust. 

110 c.c, of distilled w.\tcr. 

These are well mixed, allowed to stand for twenty to thirty minutes, then 
poured into a dish containing 25 grammes of slaked lime and 125 c.c. of dis¬ 
tilled water, again stir well, and filter in a i^nttlo. Weigh out 2 grammes of the 
cake to be tested on a clock glass, wash the 2 grammes into a* half-litre flask 
with about half tlic reducing mixture, make up to about 3.50 c.c. with distilled 
water, and boil for thirty minutes, then add the rest of the reduemg mixture, 
and fill up to the mark with well-l)oilcd distilled water. Cool, and when cold 
transfer 100 c.c. by means of pipette into a dish, acidify with hydrochloric^ 
acid, and add a few cubic centimetres of hydrogen peroxide, boil until the 
indigotin has flocculated ; the indigotin is then filtered through a weighed filter, 
waS^d with water till acid free, dried, and weighed. 

Example :— 

lOOvC.c. takrti from the flask. Remainder 694 c.c. " 

Indigotin in 100 c.c. was 0*041 gramme: 

. -5^t = 0'3256 X 50 = 16*28 per cent, indigotin. 

100 . 

Sud cakee must always bo extracted with ether before determining the. 
indig^in, a§ when grease is present the results are always boo high. 

* Recovered Greases. —Th^main classes from the point of view of the 
quantities op Mie market are the Yorkshire greases. These greases ‘are-* 



REC30VERED GREASES. 


93 


rwovered from the wcol-^couring liquors, or from the raw wool by extraction 
with solvents. They are known in the trade as hard greases. > 

Backwash grease is obtained from the scouring of the wdol after carding, 
and consists of a mixture of wool fat, fatty acids from the soap used in scour¬ 
ing, and the fatty acids, etc., from the oil used to lubricate the wool in carding. 
Since the great increase in the amount of brown American cotton soap used in 
the textile trade, the value of many backwash greases to the distiller has boon 
very much reduced. 

Hxtracted Skin Greases. —The largest weight of this is of American 
origin. 

A section likely to rise in ([uaritity is the sewage grease. If the producers 
would deodorise these and sell them on a basis connnensurate with their actual 
value—say on a basis of the percentage of normal fatty acids contained, with 
a rebate for all oxidised fatty acids over 5 percent.—the distiller would know 
what h^e uas buying, and the seller would know exactly the commercial value 
of his product. Tlierc is no dithculty in the deodorising at tlic present time, 
and if these suggestions, or something like tliein, were carried out, no doubt 
further uses would he found for tliese greases. Almost every trade using 
oils and fats are jnaking attempts at recovery, so that the number of ditteront 
classes is steadily increasing. 

The extreme variation in the saponifiable matter of these products is 
from 8 to 98 j)er cent. 

The methods of analysis previoiisly given will be found suitable for all 
classes of recovered products. 

Owing to the very variable molecular weight of the fatty acids from re- 
cover''d products no volumetric methods can have any claim to accuracy. 
Take l.ho frc(i fatty acids in Yorkshire greases as an example :— 


Free Fatty Ai ids Titr. on 282. 


16‘Sc2 per cent. 
14-63 
• 19-76 

17-50 ,, 

28-20 
31-73 


Fiec Fatty Acids, tJravimotne, 


38'0 per cent 

31-36 

39-30 

34-74 

41-56 

63-32 


When extracting the unsapouifiablo from all wool greases, and to a 
greater or less extent in backwash greases, one always gets a flocculent layer 
between the soap solution and the petrol layer. This middle layer consists 
of soaps from fatty acids of higii molecular weight and high melliug point. 
A sample was collected by filtration from tlu? soaj) solution of Yorkshire 
grease after removing the unsaponifiahle, the soap was wAshed on* the filter 
with absolute alcohol until the washings wore colourless. The soap was then 
decomposed with acid, and the fatty acids shaken o\it with ether. This took* 
much time owing to the very slow solubility of these fatty acids in the ether; 
the. ether was washed, with w-atcr until acid free, then the ether .was dis¬ 
tilled off and the fatty acids dried and weighed. The following results were 
obtained:— • ^ ■ 

• • 

Melting pomt of the fatty acids yi Capillary tube 156“ F. 

Molecular weight 526, determined with N/4 aquedus^potash. 
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' - Free Mineral Acid in Yorkshire Greases.-*-Boil 20 » 

the ^mplo with four sepfCrate lots of distilled water, using 50 c.o. ^h, 
time, unite the extracts, boil and add liydrochlonc acid a-nd barium chloiT4e> 
boil for at least one hour in order to decompose any barium salts of volatile , 
fatty acids which were extracted from the grease by the boiling wato^ 
'filter off the barium sulphate, wash, ignite, and w'cigh. If the boiling with 
acid be not carefully done, the rcsiilts may bo up to 200 per cent, in e^or. 
‘The amount of free mineral acid present in these greases seldom rises above . 
0*5 per cent. 

ENGLISH HARD GREASES. 


Sj)ocific Gravity 


Iodine Value 
Reichert-Meiijsl Value 
Saponification Value 
Molecular Weigli t of Fi 
Acids . 

Water 

Ash 


. -945 tn -OOfi 

loiliiic Value <tr Fatty Acids . 


,, ,, Uiisai»oiiUi- 

. lOloH 

able 

. 3*0 to 7-0 

Acetyl Value 

. 91ti>127 

Acetyl Value ol Unsaimiii- 


liable 

. 300 to 415 

Specific Rotation 

. 0’6 to 30'/t 

Oxidiscil Fatty Acids 

. 0 04 to 0-45% 

' 

liELOIAS HARD <!REASES. 

•9551 to -9600 

Gold Test . . 84 to 98 

35-79 to 43-047., 

Ficc Fatty Acids 6'70 to 1 


27 

47-5 

lyO t-^ 160 

140 

13-7 

3-9 to 7-5% 


Specific Gravity 
Unsaponifiablo 

These greases are usually clean, and the water below I’G per cent. 


FRENCH HARD GREASES. 


Si>eoific Gravity ’9408 to *9617 

Ilusapomliablc 28'7l to 39 60% 

Cold Tost . . 83 to 94" F, 

Free Fatty Acidi . 17'37 to 80-32asol«io 

(iEliMAX HARD GREASES. 

•StKJcific Gravity . ‘OlSi to'I'OOS 

unsaponifiable . . 30'62 to 39‘57% 

Cold Teal, . . 82 ti. 106^ F. 

Fret! Fatty Acids 6‘29 to 34*90 as oleic 

These are often dirty, and have contained up to Iti per cent, water. 

BACKWASH GREASES. 

^^ific Gravity . . "920 to *950 

Unsaponifiable . . . 6 to 28% 

lodihe Vak»e . * . 21 to 87 

Reichert-Mdissl Value 2'0 

S^onification Value . 108 to 180 

Molecular W«i{,dit of Fatty . 

Acids ... . . 260 to 345 

Ash .O'OltoO'16% 

Iodine Value of Fatty Acids 67'6 

Oxiilised Acids . . 3 to 4'6% 


SKIN (HlEASES. 



•9000 to -9328 
14‘8 to 45'] oleic 
1-7 to 47-6% • 


OiKsn Flash 

notoSiy F/: 

Water and Solvontb . 

0-8 to 3-7% ‘ 

Cold Test.... 

48 to 90 -f;..*, 

--t- 

. 
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arfe recovered *>y boiling with water, and also by extraction with 
aolvenfe. - ' , . » 

Sewage Greases. —With the corporations of different ‘textile districts 
■trying different processos, and also the varying anionnt of success which lias 
attended these efforts, tlicsc greases are most variable in c'omposition; they 
always contain more or less finely divided non-fatty matter, and this probably 
has a good deal to do with the difficulty found in some cases of getting those 
greases reasonably free from wattu’. As a rule tliey contain \^ater up to 
15 per cent., and non-fats up to 48 piU’ cent. 

(JhMJiKAL 

Spooilic (ii.ivif-v . ‘yfeja ' lotimc Wiliii 

Free) Kutty Ai Ills 18 7 In 62 Tf) ,is , Cold T« ^1 . 

Uiisuj)()nilial)lc 16 8 1'> |)f>i coni i 


28 7 to 3t -4 
73 to 94^ F. 


A commcici.dly conipletc .iiialysi.s of one oi the^c sewage greases gave 
the following figmes :— 


WutL'l 
Non-Fats 
Fjoo Fatty 


0 73 [lorcdil. Conibiiietl Falty AtnK . 
7 II „ 

15 50, iiiok'culai Un6a|nniilial>lc 
wciglit 301 


22 /3, iijuleoular 
weight 429 
21 33 pel cent. 


liC iving lotal s ipoiii liable mallei, 68’23 per ten I 
Cess (ixnlisecl .11 Ills, 6 83 ["'i coni. 

H iiially gi ving 6 I 10 [hi 'Ciit .ivail.ible s-ipouilnil'li iiiatlcr loi ili',Liltatioii 


Ul.AOIv 0 ) 1 - I'JIOM Si'W’AOE. 


Spcoilic Giuvit) 

9276 to 

-U6J4 

W'.iti 1 

2 5 to 3-43 per cent. 

lOee Fatty Aculb . 

32 43 (ii 

39-48 US i.leic 

Non-Fatb 

0 45 j)or cent. 

Unsaponifiublc •. 

41-bp to 

64 per cent. 

Colli Ti-.st 

11 to 51" F. 


PrinterV Grease. —'fiiis gi-case is reeovi.'red from the sconring liquors 
of the calico printi'r; such gionses nre all slrungly dyi'd, .uid, as sutHcicnt 
Qolour distils over during distillation to disiolonr the (hstillato hadly, the 
printers’ greases have not for liiis reason found a R’ady market amongst the 
grease distillers. The following ligures weie obtained from an average 
sample:— ' 

Specific Gravity . *9818 I Dirt . 0 8 to 4’IS per cent. 

Unsiiponifialtle . 1’62 to 18 00 pci cent. ! (Aild Test in to 88" F^ 

Water . . . 0 17 to 4'80 pm- cent. I 

following process was patented in Ccrnuiny for decolourising printers’ 
grease, b)it doos not appear to have made headway in tliis country. The 
l^easo is warmed up to 50 to (1., filtered, wa.slie(l with watoy, next 
mixed with 3 to 4 per cent of zinc dust or iron liliiigs, and heated to 140 
to 300* G. to reduce the coloiiring matter. The reduction is tiMshed^hen 
^ to d drops of grease hi 0*1 c.c. of caustic ^oda, 40 Bo, and 20 c.c. of watef 
longer, give a ixmI or violet colouration. The colouring niattjjrs are then 
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made soluble by sulphonation of the filtered grease at a temperature of 
100 fco 110* C. with 30 to 40 per cent, of 1*53 specific gravity sulphuric acid, 
followed by wtfiihing with water to remove the soluble bodies formed by 
the sulphonation. • 

Curriers’ Gi'case may contain fish oils, fi.sh stearincs, Yorkshire grease, 
recovered grease stoarines, dogras, paraifin wax, and mineral oils. Water and 
dirt should always be determined. An average sample gave :— 

l^> 0 oific Gravity . '9151 to *9245 1 Unsaponifiable 28‘72 to 71'12% 

Breo Fatty Acid.s . 3‘53 to 31 '(i2% as oloic 1 Cold Tost . . . 81 to 117“ F. 


Wool Fat Fatty Acids. —Tlie grease coming from (lermany under 
this name is the residual grease from the mamifiicture of lanoliue. It is 
usually distinguishable from ordinary greases by its smell, which is that of 
the solvent used in the extraction of the lanolinc. From its origin it would 
be supposed to consist almost entirely of tlu‘ free fatty acids oviginally 
present in tl»o materia! extracted. Tlic following ligurcs will show how far 
this is correct The wool fat fatty acids are chaiMcteriscd by a much smaller 
percentage of unsaponifiablo matter tli.in ordinary wool greases. The non-fats 
estimation should never be omitUid, as the amo\int present frcijueiitly rises 
to 10 per cent. 

S|>ecific Gravity . '9432 to'9735 I Unsai'omli.vlile . 1072 to 23 04 |n'i'cont. 

Freo Fatty Acids . 34’90 to 5570 as oleic t CoKl Test . 84 to OS'F. 


A more complete analysis gave :— 

Specific Gravity . '9434 j Unsapoiul'Mlilc 

Free Fatty Acids . 6072, mul. wt. 34G W.itci 
Combined Fatty Acids 19'08 ,, 433 | Non-Fats 


12 66 ])er cent. 
0 93 
1 62 


The free fatty acids contained 28*18 per cent, oxidised acids, which equals 
18'80 per cent, on the original grease. Molecular wtdglii of the oxidised 
acids 427. The melting point of the o.xidiscd acids in open capillary 
was 140“ F. 

The variation in the amount of unsaponihaljlo matter in different 
deliveries of grease or black oil from the s.ime source is naturally a matter 
of groat interest to the distiller or user of such greases. The following gives 
the extent of this variation. For this purpose only greases known to come 
straight from the maker have been Uiken, and the figures represent hundreds 
of dclivoi'ios. 


SoftOrcases . . 4 50 per cent. | Hard (ircasci . . .6'43 per cent.,, 

Medium Groa.scs . 4‘28 ,, | Black Oils . 4'89 ,, 

Any variation outside the above limits may be taken as fair ground 
for complaint. 

BLACK OILS. 

Thoac are of two classes, pressed and extracted. The plain term “ black 
oil” usually means, in the trade, an oil from 40 to 90 per cent, saponifiable 
matter. 

Those oils called “pressed black oils ” in the trade are oils from 8 to 26 
per cent, saponifiable matter, and arc recovered from shoddy dust, sponge 
cloths, engine waste, etc., by pressure. 

I^'^tracted black oils are oils from I '5 to 25 poi' cent, saponifiable matter 
fecovered from similar matcua|s to the pressed oils, but are recovered by 
meins of solvents, petrol being that most frequently used. 
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BLACK 

OILS. 


S|>ci-ilic ( iiJivify 

9020 to 94.Hf) ' 

0|>L'ii Flash 

330 to 3f.O" F. ' 

Fu'e Fatty Acids . 

29-18t()77-5.5%abolfic 

Cold Test 

22 to 76'F. { 

Uiisapoiiihahle 

7 65 to 62-747o 

lodnio Valiifl . 

40 1 lo 81-9 j 


The ainoiniL <>t‘ in.itlor volatile in tlic hteain ovi'u is not Lir^c in sncli 
BJiniplcs, being usually under 'J per cent. 


l>RlvSSKl) IU>ACK OILS. 


Spontiv Orivity . 

•8998 to 9223 

1 Ojun Fldsli 

318 to 400' F. 

Fh'o Fatty Acids 

1'06 to 7 05",', .IS oli-ic 

('old Tost. 

24(o38 F. 

Uiisapoiiiliahh 

76 21 to 96 •83'X, 

loilino Value 

19-1 

Va|i(jrismg Point 

180 to 231 




'I'hese oils li.iving a liiglier market value than llio c\tiMCt<!(l cjils, ari; liable 
to lu! mixed with the extracted oil.s. 'I'lie volatile matter in [)re.s.sod black oiks 
does not rise above 13 per cent.; these oils should he practically (»dourless, 
any smell of solvents [lointing to aflinixtnre with tiie extracted oils; this 
may be conlirmed Ijy the determination of the volatile at llTi' F. 


KXTR.VCTEJ^ 15LACK OILS. 


Sp( cilic (iravily 
Kiu Fatty Acids 
Total Sfipoinliablc 
Vajio, Hiug Point 


•S61 ?to -9300 
0'7 t" 10’r>8'"„ as nlcic 
1 62 to 26% 

65 to 208” F. 


0|»cii Flash 
Cold Test . 
lodim: Value 


85 to 374 F. I 
2G to 37' V 1 
id .J to 3t) I 


The matter volatile at 212“ F. rises in very bad samples as high as 3!) to 
(0 per cent., the usual range being 3 to ]">-per cent. 'I’liis test gives the 
best indication of the care used in driving olV the solvent, and also tells the 
maximum loss one can have in working the sample. 

Owing to the presence of solvent it is impossible to obtiin a correct value 
for the amount j:>f nnsaponiiialdc matter in these samples. Tlie following 
arc ligures obtained for the nnsaponihahle m.ittcr in one of these oils :—• 

Percentage of nnsaponifiahle after J hour in steam oven . 72-15 per cent. 

,» „ 1 „ „ H n 

„ ,.4 M n .. • 6G-or> „ 

Therefore in every case of extracted black oils or mixtures containing them 
one must estimate tlie saponifiable instead of the nnsaponifiahle. The fatty 
acids are practically non-volatile at tlio temporatnre of the steam oven. 

Extracted black oil fatty acids :— 

After A hour in the oven . . 20-l!2 per c4nt. k 

„ 4 „ M » ■ - ^0‘62 „ 

If the sample contains any water, the result of heating the sample in the 
oven must he reported as xvatcr and loss. 

It is frecpiciitly of interest to know whether a given sample i.s a natural 
product, or has be.eii made by mixing lilack oil, mineral oil, .ind giease. 

The ratio of the free fatty aciils calculated on 282 to the total s.VpoiiifVible^ 
minus the free fatty acidb give.s a fairly good judication of origin in all black 
oils over 20 percent, saponifiable matter. In genuine black* oils this ratio 
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does not 1‘all below I’b. Tlie autnal ratios fall frow 8’4 to 1‘6, with an 
avor^j^c just over 2. All tlie samples examined with a ratio below 1‘5 have 
ou further exainination proved to be mixtures, and not natural black oils. In 
mixtures the ratio is usually Ixilow 1, and only in very exceptional cases does 
the ratio rise to t'l. In mixtures the ratio varies froni O'C to 1*4. 

Viscosity of Black Oils. —The viscosity of the extracted black oils is 
often luj'her than that of the pressed oils, owing to the general presence of 
lubricating oils, and even of (lark cylinder oils in the extracted black oils as 
a class. 

PUIOSSFA) BLACK OILS. 


Viscosity lUdwood at 70’ F. . . . 598 t<> 810 

„ ,, ,, 140^ K. . . . 76 to 98 

KXTILUTKI) BLACK OILS. 


Viscosity dl 70'F. . . 91(» 61.5 878 731 873 380 

,, 140'F. . . 106 80 75 92 70 71 

Opni KL.sh “ F. . . .376 380 37.5 377 38*2 370 


It Will 1)0 seen Ui.it there is no relation between tlie viscosity and the 
ll.isli point, which is rather surprising. 

It i.s quite e.isy to remove most of tlic solvent hy steaming with open 
•steam ; closed steam has very little ertect. , 

Origin.il sanqile open Hash 2.r)0“ F. 

After two hours’ steaming, open llasli .‘1(11 V\ open steam. 

,, ,, ,, ,, 2!)0^ F. closed ste.im. 

DISTILLATION OF RECOVERED PRODUCTS. 

The ideal sought hy the disttller of recovered ])roducts is when 
Tot<d s.ipoiiifiable matter ^ 
h’roe fatty acids 

Although this is never roaelied, there are recovered products on the market 
which .ipproach quite closely this lignre. Ju order to ohUin correct Hguros 
from which to calculate the r.itio, l)oth the sapomti.ihle and the free fatty 
acids must be dolermiiied either gravimetric.illy or botli, volumetrically. The 
distillation is carried out with superlieatod steam. 

The products of the distillation arc : 

Si’iHiT Uir.—This is the lirst product to come over at the beginning 
of tlie distillation. 

(Ia8 Oin is that portion of the distillate wliicli is too volatile to con- 

^ deiiie in the ordinary condenser. 

Bai.k Di.sni.ijATH. —The middle portion of the distillation. 

STii.n UifiiURNs, Back Ends, oit Skconds.-- -The dark coloured distillate 
which comes oH'towards the end of the distillation. 

ViTCii.- -The practically non-volatile portion,of the grease ; this is left 
^ behind in tlie still. 

?]nliko the distillation of fatty acids, the temjierature .at which the dis- 
®tillation is carried out varies* with the raw material 'distilled. Tlio extent to 
which fracUoiffition is carried out varies with the ideas of the distiller and 
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the nature of the piyducts required, cerLiiu pi.tdiu.l*, siiuh .ib the ^^as oil 
and back endh, are usually redistilled; tin; aiiKmiit of redistillni}^ ofother 
products again varies with the class of liinshed products u* juired, and also 
with the market for which they are jutcnd<‘d. Ih’distilliii-i is carried on to 
a much greater extent on the Continent than in tliis counti v, a fact whieli 
accounts for tlie Continental prodiuts as < 1 , rule liaviii^' less smell than the 
usual Ih'itish article of the same grade. 

Ihc following table gives the results ol s.iiri])les t.ikcii from the distillate, 
and finally from the still, at half hour inter\als through the rim of a still 
charged witli brown Yorkshire grease :— 


liueovKiiEi) raoM Samcles iakkn kvki.y TIaii- IIolti. j hkuih.iioii ])l^^^I.L\•Il^^ 
or llAim ijtj AM. 



Spi cilic 
Gravity. 

Iodine 

Value 

- 

S.iponi- 

(idlilc 

Exli.icled- 

Iiabli 

Exti.icti d 

Fici F.illy 
Acids 
Exliaclcd 

I'm cMit. 

Koll 

Fatty 

A( i(l 

Mull culai 
Weiglit. 









1 

•8659 

56'6 

37-45 

5.S 73 

11 88 

8 31 

,151 

2 

•8489 

58 0 

30 42 

G 1 2.5 

-•55 27 

8 07 

•282 

3 

•8439 

57 0 

32 08 

59 95 

39 79 

10 .5 

179 

4 

•8517 

53 8 

36 4-1 

.55 6 ‘; 

12 15 

13 0 

l.'i/ 

r, 

■8703 

52 0 

50 72 

41 14 

57 (18 

II 0 

272 ' 

6 

•8732 

47 8 

49 34 

I] 81 

bO 76 

1 0 

198 

7 

•8941 

45 0 

60 85 

32 61 

59 13 

16 8 

2.'! 1 

8 

•8931 

43 7 

66 79 

30 8t> 

09 80 

1 1 9 

230 

9 

•8954 

43-4 

69 62 

29 17 

08 2'l 

10 5 

237 

10 

•9015 

39 8 

70 09 

2.8 18 

07 78 

14 8 

267 

11 

•9004 

38-8 

70 31 

28 .81 

07 0; 

1 2 

267 

1‘2 

9019 

38 5 

(55 00 

28 58 

67 47 

13 6 

271 

13 

■9019 

38 6 

64 03 

30-21 

03 -25 

1.3 2 


M 

•9091 

39 2 

58 .SO 

38 08 

04 01 

1 1 .3 

2b5 

15 

9111 

41 5 

bO 09 

37 51 

6] 31 

12 7 

207 

1C 

9165 

41 7 

56 95 

37 08 

01 2 1 

12 3 

25,8 

17 

•9M6 

43 9 

58 56 

36 71 

61 3.5 

12 4 

201 

18 

•9150 

44'0 

58 25 

39 90 

01-32 

11 9 

271 

19 

9199 

51-3 

58-.88 

39 18 

57 94 

IM 

•288 

20 

•9119 

53 3 

55 73 

12 09 

.57 3 1 

15 7 

•287 

21 

•9157 

tt2 5 

52-21 

43 96 

52 SO 

9 1 

313 

22 

•9204 

52 7 

49 57 

40 89 

57 77 

9 3 

•298 

‘ ‘23 

•9170 

54 5 

48 14 

48 9.3 

16 45 

.8 5 

311 

24 

•9131 

53 2 

46 23 

5,3 24 

18 73 

7'7 

no ' 

25 

•9259 

63 8 

12 00 

55-49 

1 i 1.5 

7 3 

3‘25 1 

26 

•9327 

52 0 

45 01 

50 23 

43 74 

6 8 

375 ' 

27 

•9361 

63-7 

43-91 

5.5-88 

42 54 

6 3 

392 

28 

•92.51 

48 9 

45 94 

51 56 

10 37 

0 3 

410 

29 

•9289 

45-1 

43 3‘2 

55-54 

47 70 

6 4 

408 

30 

•9212 

43 0 

11-86 

53 00 

51 35 

6 8 

404 

31 

•9172 

41-2 

38 47 

57"C6 

51 34 

0-0 

425 

32 

•9233 

Fitch 

41-8 

40-2 

51-21 

4S'()7 

50 89 

6 7 

105 

» 

1 


.S-inijili s. 


‘20 

20 

35 

38 

51 

5«5 

til 

03 

03 


65 

00 

07 

68 

09 

70 

71 

72 

73 
75 
78 
85 
93 

103 

108 

112 

II7 

119 

122 

124 

125 
127 


The first runnings of the distillation “.s[)irit oil ” are characterised by a 
strong smell, low specific gravity, and high vol.itility. 


Specific Gravity 
Frw Fatty Acids . 

Uimjuinifiahle 


. ♦•7901 to -8746 
. II 25 to 87‘83"f. 
as ohic 

I1'35 tu 64-04% 


OjHiiNadi 90tu‘312'F. 

Cold Test . ■ 18 to 68' F. 

Moleoul.ii Weight III Fatly •* ^ 

Acids, . . 239 tu 280 


The percentage of matter volatile at 21:1^ F'. rises uj) to jit-r cent. 
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RECOVERED PRODUCTS. 


Gas Oil.—T ho])rocluct toniicd giis oil iji tlie trailo^is a very bad smelling!; 
ViodyMvhicii is ton volatile to (.ondcnso in tlio condenser, wliicli of course luis 
to be kept hot tlu’oujihout tlic distillation ; its li^nros vary between wide limits 
according to the material distilled; lids g.is oil is one of the main sources of 
loss to the distilleV, 

Specilic GiavUy. 0008 to 9100 ^ Oj>cu Fla-jli 180 to .112 V. 

Free I'atty Acid:, . 22 70 to 71 90 j (^uld Tost 52 to 91" F. 

as oloio i Molecul.ir Weight <>| Fatly 

Unsajioniliablo . liJ B5 to 65‘20 i Acids .... 258 to 361 

Pale Distillate. '1 'lie m.iin product of the distdlatiou is the pale dis¬ 
tillate, wliioh IS suit!il)lo either for pressm^ or for sale as it is. 'Plie pcrceutatfo 
obtained varies belli \sith tlic raw material and the care taken durinj^ the 
progress of the distillation. 

As recovered greases are obtained from veiy diltcrent sources,' so the 
distillates vai v in their nature. 


AvruAOE Fi(JUiiK,.s, Palk Distim.ai k 


Spot ifji' (Ir.ivity 
Uiisupomli iMc 
lotlmo Valiif 
Sapoiiiliahk* Value 


8070 to 0261 
1 5 to 55 % 

16 8 to 65 
30 to 100 


Mtflliiig Point . 

Gold Test 
Open Flash 

Molecular AWiold ol luitt} 
Aeid.s . . . . 


70 to 126' F. 
65 to 122‘ F 
300 to 331' F. 

272 to 331 


Distillates from Cotton Foots. — In order to obtain and kcei) a noo<l 
colour these usually have to he redistilled ; the (Colour of the m.irket products 
is almost white, and they ai*e pratdically odourless. 


S^tocilit- Gim\ ily 
Flee F.itty AckI.s 


9163 to 9223 
64 16 to 94-47';i, 
as oloic 


i IJiisapotnliahlc 
I Melting Point 
' Gold Test 


. 8 to 34 64",, 

86 to 96 1< 

* 82 to 91’F 


Distillates from Continental Greases.— Tliese arc always of a good 
colour, and have but little smell, owing to the redistilling that is usually 
practised. « 


Specific Gravity . 

. -8956 to -9214 

Un.sapomftabk 

. 21 60 to 53 00’;;, 

Free Fatty Acids . 

. 43-36 to 77 20"i, 

Cold T< St . 

. 71 to 127 ' F. 

4 

as oloic 

Iodine Value 

. 38 to 40-3 


Still Returns, Back Ends, Seconds. —This last iiortum of the 
distillate is usually so dark in colour that it can only find a very limited 
market^ and so is usually redistilled. , 

The Colour varies from d.irk brown to black, and as all wool grease 
prodw;ts liive more smell the more volatile they are,’ the back ends 
the distillate have hut liCtIp smell, and of course a fairly high open 
flash. , *• 





RECOVERED GREASE OLEINES. 
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SjKK'.ilic Gravity 

9135 to-9201 

Cold 'IVst . . . • 

68 to 135' F. 

. Ficc Fatty Aciils . 

*22 91 to 53 G5;;, 

lodiiio V.'ilm 

.39 8 lo 41 7 


as oli’ic 

Moli'ciilai W'l'iglil ol bally 


Uiisapeiiiliahlo 

. 30 30 to63-27‘‘, 

Aculs 

292 lo 446 

' Open Fla.sli 

. 361 to 391 


1 


RECOVERED GREASE OLEINES. 

One of tlni most ch.iiMotoiistic tilings about tlic rocovci’cd gix'asc* oNmik' is 
its pociili.ir sincll, wliicli always nanimls one of wool. 'I'lic amount of smell 
is variable, ami at times not at all objectionablo. The most relMble test 
eiieiiiically is tlie unfailing [irosence of tlm ilecomposition protlucls of chole¬ 
sterol. 1'he many iinalitative ti'sts luoiight forward by tin* chemists ol the 
<»erm.\t customs for the (jiialitative distinction of pure and adulliuatcd wool 
grc.ise oleines may be dismissed cn hloc, as it is ipnte olivious tliat tlu‘y have 
been bascid on the C-\aniination of a ridieiiloiislv inadeipialo supply of samples, 
both fi’om th(^ point of view of purity, .ind also ,is to lh<; various (pialities lliat 
are, at any rate, on our Ibitish market. 

Th(! viscosity of recovered oleines risiss witli tlu' rise in the peuentauc of 
unsapomfi.ilde matter in tin' samplis 


Priu'icMAOK or Uns^M'umhahi 1 -. 

Vd'^tosiiY \i 70 F Kimwoou. 

35 

19.5 

50 

465 

60 

660 


I'he above figures were, of course, from piiie samples. 

The {lerci'iitago of uiisaponih.dtlo mutter in lecovered grease oleines \aries 
from 11 to Gd per eent., a(;<,ordmg to the quality of material distilksl, and the 
extent to wdiich fractionation has been canied out by the makcf. 

Tile .specific? gravity varies in the same wav from ‘SiiriO to 1)210. 

^ 'riic rei^overod oleine.s of Oontiiiental origin aie most noticeable for absence 
of smell aiy;! for good fluidity. 

Many of the nscovered oleines on tJie market are adulterated, as may be 
seen from the figures. If the free fatty acids be titiated as oleic, then t)ie 
*dinbreiicc hotweeii the total saponili.dilc matter and the titration should not 
exceed 7*5 per cent.; if thi.s figure is exceeded, it w ill always he loimd that an 
addition id' neutral oil has been made. 

The sjiecific gravity rises with the increase in tlu* percentage of unsa 2 >oni- 
liablo matter, but exeejit iii the case of oleines with over .G.G per cent, 
unsaponifiablc, the specific gravity is alwa 3 ’.s below -020. Tlfo sjiocifii^ temtJi'ra- 
turo reaction is always low, .ind the rise of temper.iture in Abu key s tester is 
never above 210’ in two hours. The iodine \aliic is always liclow 90 in 
genuine samples. There arc many ods on the market which are sold as wool 
oils, and which cause n^ confusion if sold under that name, but unfortunately 
they are often nuirketeil as oleines ; such oils contain a low jicret'iitage of fr<‘c 
fatty acids, a Ingh percentage of comhined fatty acids, and ar(> generally a 
mixture of oleines and* vegetable, or more of(«ii of fish oils and resin, and #n 
this account have a high iodine value, and also a high specific temfieiMture 
reaction. 
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RECOVERTCI^ I’RODIKTS. 


Tl\c figures given below show tlmt, many f'lls Hold as recovered oleines are 
far from llioir diVcriptioti. 

The samples uivcii imder <m( h hc.uling are all from the same source. 


IIKCOVKUKD (JIIKASK OLKJNMvS. 


Tkhi . 

Hrn'ii i< 
(JllAVI I V 

Fi.kk Fai'iv 

Ai IDs AS 

Oi,i 1C. 

Unsm-oni- 

MAIU K, 

loDisr 

VAi.m- 

Ol’KN 

Fi.asii. 

! 

Cold 

Tksi*. 

For cent. 


I’ci CClll. 





70 

•890(5 9000 

60 71 

27- 31 

61-88 

3.30-312 

32 -57 

70 

9018 9110 

49 .39 74 o:! 

21 82-.32 68 


317 347 

43 -52 

70 

9007 i»201 

•2(3-79 29 90 

30 25 5 1 98 


352 

45 48 

7(* 

•905.0-9081 

0 1 51 07 3.3 

29 ,s9 .32 78 


350 

'50 57 

70 

•8972 92on 

49 71 21 

22 7 29 1 



41-52 

.^.0 

9KU "108 

15 18 0 

18 6 51 7 


330 330 

48 53 

no 

9090 -91.^2 

58 8 11-4 

51 0 ()1 

51-9 

335 317 

43-50 

TtO 

•8990 9250 

10 9 .52 9 

45 1-51-2 

50 5S-1 

317 347 

30-61 

.no 

•9(1.12 Ol.'i'l 

41 S_51-S 

•17 8 51 8 

5.3 1 

316 334 

54-62 

f.O 

9100 9142 

17 24 -51-.82 

46 8) 40 7.3 

57 61 

:!86-3C6 

51 57 

40 

9110 

29 3 

08 3 

52 1 

323 

59 

■10 

•9140-9218 

35 25-37 -32 

58.3.3 i.1'99 

.51 50 5 

3.14 358 

49 56 


Oleine from Recovered Cotton Products. -In ordir to obtain 
products in line with the usual run of rccovon'd (deines from other sources 
the cotton oleines iwjuiro filtering to remove sti'arine. 



J Uni (LiKKi'T) 

1 

Kit lERFD. 


Specific (ir.ivity 

9010 to 9239 

•9010 In 9051 


Fic<‘ KjiIIv A( hK 

!»1 3 I.. i'8 70 .•, ..1.1.' 

8U-02 tn 97 29 pci <enl- x 

s nlcic 

Ulls.Vpniiili.iMi' 
loduif Value 

J 3 In .S 7 p' 1 1 ' III 

3 73 Ui 18‘1G p( ]' C( nt. 
104 4 


Oj'i'ti Fl.vsli 

313 F. 

347 to 353' F. • 


(Juki Tcsl 

61 to 70 F. 

39 to 54 K. 


Ibfiactivc Index 

1 

1 

11705 tn 1-1715. 



The ])ercentage of sojxmifiable matter is often hrought down to 70 per 
cent, or 50 per cent, hefoie marketing ; this is usiuilly done by tire addition' 
of mineral oils. 

Recovered Oleines of Foreign Origin. 


.S})ccilic (Jravitv 

•8977 lo -9120 

lothiii Value 

61-2 to 64-6 

Free Falt\ Acids ♦ 

44 12 tn 62 04% 

Cold Test . 

46 tn58' F. 

* 

as oleic 



Unsapniiirubk' 

38-71 tn 55 39% 

Kf fiaetivi- Index . 

. 1-4735 to 1-4881 

. Open F'lasli . 

1 

. 335 tn 352 F 




DRY CLEANERS RESIDUE^ 

These al\vays*cont.ain solvent and soap, and bomotiincs water and dirt. 

, Wlrcn water is jirescnt, th^s water and loss of solvent may be estimated 
toge/dicr by dryyig in tire oven add the result reported as water and solvent. 

( Solvent rises to HTj per cent, Dirt rises to ? per cent. 
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Owin^ to the pres(ln !0 of solvent th<! o]H‘n flash of those' s;un]>les is usually 
below 200 " F. 'I'lic oil U^ft aftei' roitioviii^ sejivc'iit usually Li'^ts about 7 ^ per 
cent, saponifiable. 


RECOVERED GREASE STEARINES. 


The cf>lour of these .sLoariuos varies fiviiii [»ap(‘r white to dark brown. 
Avcrai;c samples give :— 


Spocitic (Iiavily to ‘STOi*. 
Uiisa|»tuili.vftle 0*5 to 4fl )>fi rctil. 
ludllK VhIiIi 1 1 to II Itl Woo] fvl pio-liats. 
loitiiKj Vdliio uses Lo sr> from olio i lo- 
(OVCKsI [IIckJiu Is. 

.Sa[>oiiilic.ilioii V.iluc T)! S to 1 *50 I'lom v\ oo| 
fit laoiiuels 

Sji|ioiiiJ)< dlioii lip to lO.s fioiii otli('i pio- 
cbicts. 


.Melliii" I'oiiil to.'') to 150° K. fioiii wool I 
f.il piodm t'l. i 

Ml I<ni<( I’liiiit M{B to 128 lioiii olli< I {iio 
(lll< Is. 

loiliiic V.illio of llio Ibisapoillfl iMc 47 (o 
70 flolll wool fll ptodlli (s 
.Moliuilo Wi'iolit ol Kitty /\oi(K 2(10 to 
.T .0 llolM \Vo<iI l.ll [lIollllcN. 
loijnK of tin K.itly A(|iIh 2t)'2 (o 

25)‘4 finiii wool fll |iioilii( t".. 


The chief ii.s(' of the reeovereil stiarines is in the h.ither tr.ale. 'I'he 
amount of stearpio from reco\ere<l prodiiets tli.it is goo,] onougit for the 
candle-muker is very sinail. 

The praetici' of mixing par.itiin u.iv with the v.irious stearines )i is grown 
to veiy large dimensions during the p.ist few je.ir^ Tlie follnwing hgures 
are the result of an atialysis of suei) a mnliire, m.ide witli the \ lew of .irriviiig 
at a malLh for the sample! — 


Oini.isAi. Swiria'. 


Fiec ''I'ty Acids . 

. 59 57",, as olcn 

Ml Itiiig I'oiiiL ol Sanipl' . 100 F. 

Unsap, oiliaMc 


Molniilar igtd ol I'lIlyAnds 272 

Total Sapointi.ibic . 

. .53-65% 



On hoilmg out the uns.ipomrial)l(‘ with acelie anliydnde, 71 ]M‘r 
of insoluble liydrocarbon was foiiixl, having a melting [Kiint nl 74 F. The 
softest white .scale on the market is the wax used liy the matili m.^kel•^, this 
wax liaving a yiinimum melting point of l <)2 l'\, tluuvlore the liydroeaibons 
of melting point 74 F. must ho a mixture of sc.ile .ind mineral oil. This 
"gives .'15 per cent, wa.x and oil added to the original ste.irine, in whieli wc can 
calculate fl ‘5 percent, unsajioniliahle, Imally tmding that the stearine userl 
had a molting point of 100 ' F., and was S.') o sapomlial)le. 

* A mixture wa.s made with siu h a sti'aiine, si.ale, .iiid mineral oil, which 
mixture gave similar ligurcs to the original sample. 


WuilK SlF.Al.lNK rUO.M BLA< K OlI,.S. 


Free Fatty Acids 

. 100 as oleic 

1 Moll 1 idai W < iglil 

. 270 to 280 

Molting Point . 

. 106 to 120’F. 

j Uiisiiponili.it'le . j 

lip to 13'’u 

Iodine Value . 

. 20-1 


* ! 


Siiccific (jiavity 
Fatty Aoi<ls 
UnsaponiliuMu * 
Melting Point 
fcdijie Value 


100 TO 10.5 Palk .Strakish: from Bi.ack Oii‘?. 


.,*9186 lo'lino V.iliK* of Uiis,i|iom' , 

. 80to91‘/.',iisoli-ic ..*47’2tn-t9 8 

13-42 to 20 09"„ lodiiif'Valiir of K.ilty Aci(J4 20 2 lo 29’4 

. 90 to 108“ K. .Miilccul.ii Wiiglit <4 Patty* ' » 

.* 32-9 to 31 S i . . 2t5()to 274 * 

Ml idng Pdinl ol I’ lit} A* ids 108 to 109 l‘. 

1 ^ ^ 
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IlKOOVEREl) PRODUCTS. 


110 TO 112 1’AT.K Sl’KAUINK. ( 


Specilic Gravity . 

9'J()5 

Iiidinc Value . . . 20'8to31’4 

Fret! Fatty At uK. 

. 74 to 79% .isoleit 

Moleculn \Vcig]it tif Faltv 

Un.saponifiublc . 

20 to 27*;;, 

Acitls ... 

Melting I'oiiif 

. 108 to 113'F, 



Of) ro 10r> SiiCAKiM riioM ^'ouKsllll;^’ OuKA‘^Ks. 


Flee Fatty Acitls. 

. 73 to 79% as oleic 

lotlinc V.iltit- 

. 24'4to38'9 

Unsaponitialilf 

. 20 tt> 28*';. ' ! 

Midecular Weight i 

)f F.ilty 

Melting point 

. 9.5 to 103* F. ! 

i 

Acitls 

. 288 to 290 


Yellow Stearines from Yorkshire Greases.— TIu se vary fliih tlio 
raw material fnmi which they arc ohtaincil and tlio sc.ison ot Ihe year at whicli 
they are made, which lias a corisidm’ahh' iidluonc(‘ on the iiudtin^ point oF 
Iho stoarinc. 


108 to 125 F. 
:n -8 lo <io-i 
274 to 330 


IIoi-n:r,’''-Ki) Vkllow SrnAi.iNi'. 


j Specific fimvily . '9700 lfiisapoiiifiJili|(‘ . . . 32 to 35"';. 

' Ficc Kutty At I'l^i . 45 to 49":, (IS <ihic Mcltnij'ruirit . . . 130 ttt 145 K. 


Sjtocific Gravity . . 9300 | Mcltiiio Point . 

Flee Fatty Acnls . 53 to 60";. olcio ' Iodine Value . 

UnHajxiiiifiaMc . . 19lo31"„ Molocul ir W'ei^dil 


(JlItH.I'.sIKUlNK W'ax, 

Pki 1 isii. 

Fijt.scn. 1 GniMAN 

Fiec Fatty Acnls 

19-4 to 44-4 

4G-5lo4G'H i. 43-7 to 45 8 

Uiisiponifiabli' 

•• 

45-5 1 

Melting Point 

1*29 to 150^ F, 

129 to 130“ F 129 to 135“ F. 

lotlinc Value 

34 '4 to 37 6 

4l'l 1 • ... 


CoiTON Si KAKlKI'S. 

1 ” ’ ” 1 

j Uiisajionifiablc .... 075 lo IG";, 1 

1 Mcltin;.; Point . . 9G to 127'’ F, I 

Molecular Wei|;lit . . . 291 

Stearines derived from w'ool fat may bo distiiif^nislied from those of any 
other orif'in by diasolvinj^ in petrol-other, ‘Gl specilic gravity, warming, if 
necessary, after cooling; if wool fat products are prc.sent, solid acids of liigh 
melting.point will separate np to KiO'' F. molting poinA. 

^ / EMULSIONS AND EMULSION OILS. 

' These are perhaps best clabsorl together, for the only difference between 
thorn is the vavirfeion in the percentage of water they contain. 
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The ubual constitiiints are: water, oils or foeases of very xarlod origin, 
har<l or soft soaps, annnonia, jilienol, ste.-irainide, and evliael#. usii.ill> ot a 
gelatinous nature, bucIi as lii'^h moss, etc. In addition to the abi)\(‘, tin* 
emulsion oils may contain up to 5 per cent, of alooiiol. 

It Is advisable to male a ])reliminary (‘x.imination by beating a few 
cubic centimetres of the ^ample -wbollieraii emulsion or an (‘mnision oil— 
in a test-tube, when both ammonia and alcohol if present will be detected 
by the smell. 

Another portion shouM be boiled in a test tube with sliong liydrocld()ri<‘ 
acid until the fatty la^m’ on the top is ()uit(‘ clear , if phenol is juesent it w’ill 
also be detected by the siiK'li, and .iny siilplionaled oil will bis deeom[)Osed ; 
then if the acid layer is jupetted oil, diluted wilb water, and barium clilonde 
solution a<lded, a wdntc {uveipitatc of liarium siilpbiite will mdi(.ate presence 
of sLilpbopatcd oils of some d(‘scri[)tion. 

A furtli(',r s.unple is boil'd until all tiie ammonia if present is lioiled oil', 
tbeii (;aiisli( sod.v is added, and the contents of tiu' tulie atrain boded, if 
■ammonia is .igain given olt, tbe [ucseiiee of ste<irami(lo is pioved. 

The following will Im* found to be a fairly grner.il iiudlmd of examination - 

Alcohol.- T.dn* 20 to 30 uramuu’s ol tin* sample .ind mix witli its own 
weigliL of water in a 300 e.c. Mask, then distil oil tlirc(‘-f<Miitlis of the total ; 
the speeille grasity of tlic dislillati' is talon in a spet die gra\ity bottle at 
00” F., and the alcohol eoiilent calmil.ite<l Irom the flensity (al)les. 

Water. Weigh OU^ acenraU'Iy into ;i l)ealer containing a glass rod 
about 10 giammes of the s.uiiple, ,ind dry in tlie wali'i oven until the loss 
does not oxeci'd 2 milligrammes [icr iiour,when calculating out llu'water, 
any ale 'I'ol, ammonia, or both if present, must he (leflucte<l from the loss 
of w'eigln .»n drying in older to obtain tlie » orrect jiereeiitage of water. 

Ammonia. —Ten giammes'of the sample aie weigiied into a llasl, diluted 
witli 100 c.e. of WMtor, and exce.ss of enusfie potash added; the Hash i.s 
eoiiiiGeteil wilh a steam generator and a hull) u'ceixer containing 2~t e.c. 
of N/2 liydrocldoiic! acid, then distil oil tliic(‘-fonrtl)S of the wliole ; the acid 
ill the receivci’ is titrated hack, and tlie .imonnt of ammonia caleiilatod. 

Total Alkaii. —The emulsion oils voiy often contain soap, oitlier adiled 
as sneh, or formed dniing tla^ making of the oil ; lliey are also oftc'ii ele.ircd 
wftli ammoina at the end of the process ; llio (piestion wide h alkali was u.sed 
foi' the soap is liest answered by tlie pockc't speetiusco])e. 

About 10 grammes ot llie sam[)lo are weighed mto a dish, diluted with 
about 100 c.c. of water, and titrated with N/2 hydioehloiic acid, using methyl 
orange as indicator ; in order to obtain the [>otasli or soda, any <aninoiiia 
present must bo deducted. 

Oil. —The residue left in the beaker from the water estimation is next 
extracted with ether (if exact results are reipiired tlic ether must bo dry 
and alcohol free). The etlicr is filtered into a weiglicd fat Husk, takijig car<‘ 
tliat as littb' as jiossiblo of tlie insoluble portion is allowed to gel on to the 
filter. AN’Iion tbe residin' (if any) on tbe filter is fat free, and tlie filter wwslied 
with etlier until f,it free, the filter is kept on one side for the soap cstiinatioii 
which follows. The ether filtrate is distilled off, and the oil in the flask diied 
in tlio ovi'ii, cooled, and weighed. The oil in the flask is used for tlfe analysis 
of the oil. • 

Soap.—Tiie residing in tlie beaker is hoilpd out with ali.solnte al^oliol 
at least four times, or more if soda .soaps* are present, ai;d the alcohol 
filtered tiirough tlio filter put aside from the oil estimation ; tile filtrate is 
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RECOVEliKD PRODUCTS. 


in a weij;ho<i ilask, the alo<»li()l «listillcfl ofit and tiio residual soap 
dried in tlie toven, cooled in a di“sic<;atoi’, ami weij^iied, the soap being 
put aside for further exainiiiation. 

When aiunionia is tlio only alkali {)reseni it is all driven off during the 
drying of the sa?n[)lc, ami of course l(‘ave's behind its c<piivalent amount of 
free fatty .leids, \vhi(di mu.st be deducted from the amouut of free fatty acid 
found on titrating the oil si'par.ited from tlu' sample. 

If any residue insolubh'm ah'ohid is found it is usually Irish moss extract, 
wiiieh IS Koliibh.' in w.itei-, diluti; .u;ids, ,vnd alkalis. 

In the liighesL ehiss of cuiiulsions the sap(uiitial)le matter is often olive oil, 
either pure or adiiltcr.ited, and from Ibis the oil ranges down to recovered 
greases in the ease of emulsions for hatching jute. In many lower-class 
emulsions the amount of mineral oil prcsimt is up to 75 jier cent, of the total 
oil Ml the .sample. 'PIk se large variations reipiire a fairly coiniilete analysis of 
llie oil if the figures .in' to lie of any use iu matching the sample, ff tlie 
examination ! •• earned out on the lines given in seetion umler “Chemical 
kAamin.ition,” there slioiilil not he imicli dilVu'nity in olitamini; the iu*c(‘ssary 
information. 

Phenol is only a very lare constituent, although «it has very good 
emulsifying power. 

SOAPS. 

'I'lic an.alysis (if soap has been fully treated so often that there is no need, 
to take u]) any space witli tliis; below are a hnv results of special classes. 

Brown American Cotton Soaps* —These arc made From cotton foots, 
and are in extensixo use in the textile trade. The foots used always contain 
non-fatty matter, and in some c.iscs r(‘sin is added to the foots. 

'riiose foots contain unsaponifiahle matter uji to 5 jx'r cent., and the non- 
fats ris(! to 0 per cent. 

The percentage of fatty acids in these soa[)S varies from 58 to 75 per cent. 

Many of these cotton soaps (rontain both free fatty acids and free alkali 
at the same time, whiidi shows very careless manufacture. 

A sample of the stock from which these brown cotton soajis are made 
yielded 70 per cent, of fat fit for soap mnlcing; this fat hontained 55 per 
cent, of l'rc(‘ fatty acids. 

Liquid Soluble Soaps. —'I'hese w-ere originally made fro-.u castor oil, 
but latterly have been ma<le from mixtures of various oils and resin, and 
also from cocoaiiut oil. , 

Some samploH are almost neutral, and others contain a large excess of 
alkali. 

The original li<|uid soaps were from castor oil, and contained 15 per cent, 
of fatty aiuds ; the samples from rosin mixtures usually contain 2 to 3 per 
cent, more fatty, acids ; in onh'V to obtain a similar consistence, the cocoaiiut 
oil samples may contain up to .'15 per cent, of fatty acids. 

The analysis of these samjilcs is carried out as described under Emulsions. 

BROWN WOOL OILS. 

Tricao' arc usually mixtures of recovered wool^ grease and mineral oil, 
hut eonta^ sometimes a certain percentage of fish oil, recovered grease oleine, 

,resin. Tlioir specific gra\ity varies from 'OOO to •02.5, and the saponifiable 
matter varies from 4 to 50 pcr‘’ecnt., with a usual run of from 20 to 30 per 
cent, saponfnable ij^atter. 
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Water iH always [)fcscnt, varying from i to lli por cent. \ triee, of 
pota.ssium carboiuito usually accum])anying a water porcentag»> of 5 or over, 
this potash is easily detected with the pocket spectrosco])o. 

Water can only he dettinnined witli accuracy hy distillation with xylol, 
hilt simple driving ofY over an Argand hurner is useful as a works check. 

Free Fatty Acids may he determined hy titr.alion on ol(‘ic acid, hut 
gravimetric estimation is ag.vin the only accurate method. 

Saponifiable Matter. —Tlie mineral oil use<l in lliese brown oils is 
often of low' ijnality, and so volatile that ojk' must di'tennino tiie saponiti.ahle 
diri'ct instead of tlu' unsaponiliahle, in the sanu‘ way as the extr.uled black 
oils. 

PITCH. 

From,distillation of fatty acids, wool grease, and (dhor recovered fats. 
Those })itches are commercially divided into three classes, liard, me<lium, and 
soft, wInch terms h;iV(‘ ladi'ience to the melting jioinl of tiu'sam[i!o , hut ni 
som<‘ cases it is a dillicult matliu' to deci<le to winch class a gi\en samjile 
belongs, and up to the present, unlike the oo.il-tar j)itclu“S, no limits have 
yet been iixe<l. • 

'I’he solubility of llujso pitches in the usual solvents is vi;ry variable, 
partictdarly in llie case of the fatty acid pitches, so nuicli so, that one sample 
of pitch from a givim fatty acid Is almost entirely solnhle in a scdveiiL that 
will not dissolve 5 per cent, of another sample from tlie same fatty aeids ; this 
soluhility, or hick of solubility, depends on the point at which the <Usti!lation 
was stopped. Tlie presence of a greater or less amount of alhmninous 
matter u the f.itty .acids distilled has a very great eilcct on the jiroperties of 
the pite!' left behind on distillation. 

The analysis of these; pitclies is still in a very rudimentary state, and, with 
the exception of a certain amount of work done in (lermany on wool grcnsi; 
pitclies, tin' piihlisheil inform.ition is .ilmost nil. 

Specific Gravity. —A bit of the sample is dro|)ped into a dish of water, 
in which it will sink or flo.Lt according to its specific gravity. 

If the samp]c»sinks to tlie bottom, a pea-si/ed piece is pi.iced in a mixture 
•of alcohol and water, varying the amounts of ahohol and w;iter until the 
sample ncitlipr sinks to the bottom nor floats on the top, but swims about in 
suspension, care being taken to frei' tlie sample from air-bublilcs ; the specific 
gravity of the aleoliol is tlien taken in the specific gr.ivity bottle in the usual 
w*ay, the result being the specific gravity of the samjilo taken. 

If the sample floats on the water in the disli, a piece of the sample the 
si/o of a pea is placed in a beaker of water, anil common salt solution added 
until the sample remains suspended, when the specific gravity is taken as 
before. 

Volatile Matter. —Weigh as near as possible 3 gramin'es of tlie^ sample 
into a platinum dish and heat over a )3unsen luirner until the contents of the 
dish cease fuming, cool, and weigh; the loss of weight gives the volatile 
matter. In order to obtain comparable results it is essoiitlal that similar 
weights be taken and tl^o heating he as rapid as possible, otherwise widely 
different results will ho obtained from the same smnple on repeating'. 

Ash. —Continue heating the residue from llio volatile matter ujitil aU the 
carbonaceous matter is burned away, cool, and Vieigh. * 

Free Fatty Acids. —The presence of free fatty acids in 5^11 jiitches fwnn 
the distillation of fattxj acids, whether pure or recovered, gives us the most 
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rayid moans of distinction between tlieso pitches afid the pitclies from the 
distillation of iniuoral oiK. 

The acidity of fatty acids :i.iid locovorcd j^reasc pitches is never below, and 
only in very rare cases falls as low .is, 1 per cent, as oleic acid, and, on the 
otlier hand, tlie acidity of mineral oil pitches is always below O'H per cent. 

The acidity is deteimincd in Llic usual way hy dissolving *2 grainiues of 
tlio samjdo in a mixture of hot motor s})irit ami alcoliol. In the case of 
some fatty aci<l pitclu's solution is very slow, ami consi<lerabl(‘ patience 
is ro<juiroil alon^ with mm h shakiii';; the solution is then titrated with X/2 
potash and phcnolphtlialcin. 

Saponifiable Matter. —The following is the only method applicable to 
all HJimpU'S, and has stood the test <if regular works use 

About 2 grammes of tlu^ sample are wcigliod into a 300 c.c. flask and 
saponified with 25 c.c. alcoholit- [lotish ; after s-iponification tlie JlasU and 
contents ai • cooled umh-r the tap, aii<l the soap solution filtere<l into a 
separator; the residue i.s sapomliod in the same way twice more, cooling and 
liltering through the same paper cai h tunc ; Ihe (illci is then w.isiud well with 
alcoholic potash, allowing the wasliings to run into the separator. The soaj) 
solution and wasliings an^ now diluted with .30 c.c. of wfvter, .ind the whole 
shaken out with petrol, .iml the petrol w.islied in the usual w'ay. Shaking 
out and washing of the [letrol is coutiimed nuLil the ])etrol extract remains 
colourless. Tlie petrol extracts e.iii be run into a weighed llask, the petrol 
distilled off, and the residual uiisaponifiablo matter dried and weighed it‘ 
rcipiircd ; but as there is generally more or less insoluble residue from the 
b.ipoiiification, the result docs not appear to have much value. I'he soap 
solution is evajioratcd down on tlie ste.am bath until <ilcohol free, the 
w.ishings arc then adilcd, and the wliole decomjiosed with acid, boiled until 
the fatty l.iyer is ijuite cle.ir, cooled un<ler the tap, poured into a separator, 
.and shaken out with other metli.; after scpar,iiion has taken place the 
acid layer is run o'l, and the etluir wasiusl with water until acid free; the 
ether cxtr.action of the soap solution is repeated, tlie two ctlier extracts 
united in a weighed fl.isk, tlie other distilled oil', and the rc.sidual f.itty acids 
drie<l in tlie oven, cooled, .and weighed; the fl.isk containinj^the fatty acids is 
put aside for further examination ii ro<piired. 

German Customs Method. —Tliis is only applicable to, wool grease 
pitch. 

Two grammes of the sample arc weighed into a jl.isk .ind dissolved in 
50 c.c. of ether, the solution is then precipitated with 50 c.c. of absolute 
alcohol. 

The flask .and contents arc allowed to stand overnight, filtered through a 
'double filter, and the filter washed clean with aloohobetlicr mixture (1 to I 
by volume). The filtrate and w'ashlngs are then saponified hy boiling with 
30 c.c. yfN/1 altohohc ptiLish for one .ind a b.ilf hours under reflux, cooled, 
and shaken out four times with petrol to remove uiisaponifiablc matter, the 
soap solution c\.aporatcd on the steam halli until alcohol free, the soap 
dissolved up in the washings, the solution decomposed with acid, shaken out 
twice with ether, the other washed with water uytil acid free, run into a 
weighed flask, the ether distilled off, and the sjiponifiahle matter in the flask 
dried in tlje oven, cooled, and weighed. ' 

^ A sample of wool gvcasq pitch gave 12'r)t) percent, aaponifiable hy first 
mathod. The panic sample gave*'! 1*05 per cent, s-iponifiahlc by second method. 

To see vfiietho); the alcohol-ether method had left any saponifiable matter 
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in the residue this w.is <|issolvo<l up in ourhon disnlpludc, 'Ju c c. ot aicoholic 
potasli ad<lod, and left to stand for twenty-four hours, with occasion d sh.dvih^, 
after whigli time it was treated like tiie alcohol ether tiltrato. The 
saixmifiablo matter extracted from the residue was 0 (55 pm-cent, .md 111)5 
plus 0 05 equals I'J'tiO pen* cent, a I’esult which is in elo^e agrcHuncnt with 
that of the method first described. 

A sample of cotton latch gave I 2T'':> per cent. sa])oni]ial)I(“ by first method, 
'riie same sample gave 7’17 jier (amt. sap<uiitiable by second melhod, 
and with some samples of fatly acid pitch the diflerence would bo much 
greater. 

Melting Point. —This varies from 80 to 180" F. The open capillary 
and the Ki’acsnicr Sarnow' nietliods are the only ones of any use, and (‘ven 
then, with some fatty acid pitches, neither may he a[)plicablo. 

Iodine Value.- -Wool grease au(l mineial oil pitches arc cminpletely 
.solnhle imv-htoroform, and so give no trouble;; but in.uiy fatty acid pitches and 
cotton pitclu's ,ire only slightly soluble in most solvents, .ind in sncli cases it 
is not possililo to determine the iodine valiu' at ,dl. The following have been 
trieil in the attempt to find a solvent for lltcse pitches: acetone, pyridine, 
chloroform, ether, carbon disulphide, carbon tetrachloride, absoluti! aIc(»hol, 
amyl alcohol, gl.tcial .icctie acid, ben/ol, xylol, acetic anhydride, petrol-ether, 
parailin, ethyl acetate, turpentine, trichlorethylenc, jiorchlorethylcnc, tetra 
chlorethaiKs, i)cntachloretliane. 

, Detection of Mineral Oil Pitch in Fatty Pitches.— 'I’lie rollowing 
metlu^d lias been givim l>y tlie (fermaii enstoins for the detiction of mineral 
oil pitch ni fatty pvtclies, but altliougli the metliod is gi\eii for fatty pitehes 
generally, the fact that the metliod lequin'sthe sample to i>o soluble in ben/ol 
makes leis method only appiicalilc to wool gri'ase pitcli(!s 

The Wereurie Jiri>iiu<Jr. --The Milpliur compounds in asphaltum and 
♦ mincr.il oils gi\c witli nicn-uric broiiii(l(‘ double salts which .ux' soluhhi in 
w’arm clilorolorm or ben/ol. The sulphur (.ompounds in fatty pitches rise 
from impurities or from the use of siilpliuric acid after autoclaving, and 
yield no double salts with mevcuiic bromide. 

l)issolv(' 10 gr.iiiiines of pitch in *J50 c c. of ben/ol, warming if ni'Cessaiy, 
cool, and add 30 J’.c. of alcoholic potash (to remove the fatty .icids contained 
!n .the sample), sliake, and tlum dilute w'lth ‘iOO e.c. of D6 per cent, alcohol. 
After standing for a .short time the alcnhol solution, wiiicli must still bo 
alkaline, is poured off, and tlio pitchy residue in the llask wa.sho<l once with 
alcohol, and dried until alcohol frei'. Afti'r this prcpar.ition the residual 
pilch in tho llask is dissolved in 100 c.c of etlier, w.inning if necessary. 'J’hc 
residue will he found to be mneli more soluble than tlie original pitch, due to 
the removal of the fatty acids, and a h'w jneces of ignited calcium chloride 
are added to remove water ; wlieii .ill is dissolved, or at least finely divided, 
allow to settle, and filter through a folded filter; the filtrate ijS collected in a 
boiling tube; to this add 20 c c. of mercuric bromide solution (5 graiiiincb of 
mercuric bromide in 250 c.c. of other), and allow the tube to stand overnight. 
Tho precipitate, if any, is filtered oil and washed with ether, and then 
dissolved off tho filter with warm beii/ol. Any separated bromide is left on 
tlie filter nndis.solved. After ev.iporating oil the hcn/ol the doulile ualt is 
left as a dark brown to black brittle mass. In order to prove that a double 
salt has actually hcen formed, jiour .i few eiihic eentinietre.s of citric iiioid 
over the mass, and after the .ictioii has subsi<\/:;d*e\apoiate on tlie water bath,' 
take up tho residue with water, and test the aipieous solution fjir sulphul'ic 
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acid with barium clUori<U*, silver nitrate for liromiue, and ammonia and 
ammonium sulphide for mercury. 'J’his ]}rocess is sai^J to be able to detect 20 
per cent, of tnSucral oil pitch in a mixture. 

Free Carbon in Pitches. —Free carbon i» only found in pitches that 
liave been driven nearly down to coke, or have been lieatcd after leaving the 
still, and consequently is but rarely found. Therefore it need only be looked 
for wlicn a pitch sample is sutliciently brittle to crumblo up when rubbed 
between the finger and ihund). 

Esthnation .—Weigh 3 to grammes of tlie s<implo into a fl.isk and extract 
with pnre CS^, \intil nothing further dissolves; when this point is reached, the 
carbon <libulphide will rcm.iin quite colourless ; the carlmn disulphide solution 
is lilterojl through a dried an<l weiuliod filter paper, .aid the filter washed with 
c.irbon disulphide until clean. The filter is then dried and weiglied. The 
residue on the filter consists of any free carbon present and the whole of the 
ash in the sjunple. The residue is ignited and the ash weighed. * Then the 
weight of tlie carbon disulphide residue minus the asli left on ignition gives 
the free carbon in the weight of tlie sample taken. 

ANAi-viiraf. Fioinus, Wool Gri a.sk Pinii. 


SpccilK Gi,u ily, fniiii 0 97 1. S ilili aiatlii, 7",, in li.ml 

Ml Itiiig Pmiil, from 90 ti I'in I''. siiiipli sin ,10 in vriy snl'L s unplis. 

VoLitilo iiulli I, 6ft In 92';;, witli 75';o Imlinr Valui“, 115 In iO ; llic soltii lln 

f.ni .ivcrano. s.uii]iU', llin liinln i tin nullin’v.ilun. 

A''h, 0 ft to 6'ri"o, M'lluuln Weight ofNoini.i.1 F.ilty Aculs 

Kici; Fatly Aculs, 0 7 ^ to as olnic, willi iltout 440. 

6'/o a Ian .ivcr.igi. ' Oxulisi 4 Ai i4s, up lo 25';';,. 


Solubli 111 (.niton (hsiilplinli onl (]iloiitl<ii ni uilli tin i xci pi ioii of tlif .isli. 


A (lennan sample g.iv(! the following llgiiri's 


.Spccil'u, Gravity . 
V(tlaLil. 

Ash 


9787 
79 33 :, 
1 7ira 


Fici' F.itty Aci'h' 
Total Sapomfi tMi’ 


16 92"„ as oh'io 
It) 9y\, 


Thii ^ipoiali iltli Lontaiin 

76 89';., Nonnal I' itty Ai nh, nioks.nlar wiiglit 439. 
23 oxnlisi (1 Fatty A' ids. 


Coiros Piieu. 


Sprcify' (iiaviLy,*UbiiaIly 1 oi ovci. 

Volalifc 111 ittn, 09 to 75';;,. 

Ash, 2 11 to 4-5%. 

Free Fatty Acids, 0'7 to 9%. 

Sa]»oiiiliablc nnittci, 12 to 50';-;,; tin softi r 
tlie sainpk, tin. higliei tin, vipomtiabk. 


Sulphur, about 1"/;,. 

Mdtiiig Point, V(iy vaiiablc. 
loditn, V.iUr, ill most cases no solvent can 
bo found. 


•9P5 tt^ 97% se.ilulilc ill c.iiI)ou tlisulpliide in tin case ol oidiiiiuy s.iniplcs, to u lew 
per C( lit. (Cily 111 the h 0 -( allot} Hlbbei [fttclus. 




I'lTClI. 


Ill 


Kaiiy Amii 1‘iHir. 


Spirific CiKivity, usu.illy 1 oi ovci. 

Vol.ililo iiuUn, 70 (o 80 per cnit. 

Ash, up to 7 per cent, varyni}' with tin wit? lak<‘ii iii (!<■( oni{)nsmj; tin* fatty 
Free Fatly Acids, 5 6 t»i 45 )>< r cent. ; tin nil lule is, the hij'her tlie li(« falty acids 

tlie softer tlie sample, Imt tlicie uie excejilioit.s. For example :— 

Soller siiliijile, 18'19 )>el edit flee fally aculs. 

J [ ardor S.IUI pie, 2911 percent, free iiitlyiicnls 
Sapiuiiliahh m.iller, 15 to90]'ei cent ; tticsoftei (licsaniph, tin Idyln i t|iB sajionilnihlu 
Iodine Value (like the cotton pilcli) iii most casi s, no sol\< nl e.ui lx lound. 


A more coinplotc analysis of a sample of soft fatty acid pitch gave .• 


S|)ccific Giavity, I'OK'OatCO" F, 

Fko Fatty Acids, 18’19"(, as oleic. 
SapoiiiHabh matter, 89’33';{|. 

Uiisaponifiablo matter, ^’\T’/„. 

Insoluble in alcolioHc ]>otisl), 4'60"{, by 
dilfei once. 


Tbo Fatty Acids of this sample contained— 
Normal Fatty Arid.s, G2‘10',’,’,, nioleculai 
■weight 1559. 

Oxulist'd Adds, 38’06',’;,. moluiihr 
weiolii -581. 


Mineral Oil Pitch.—All mineral oil jdtehea contain a ccrlain amount 
of solid liydrocarhons, wliicli may he (‘stim.itdl l>y Uicli.inison’s method as 
follows:—Five grammes of the sample are weiglied into a llask and shaketi 
with 100 c.c. of ])etrol ether Oill sj). nr. and let staml ovuniglit, the Miliition 
is tlien Hltercd into a separator, and the filter wa.slicd witli jietrol-ethor imtil 
clean. The filtrate and wasliings in the sejiai.itor are shaken out with con 
contralod snlpluiric acid, using 5 c.c. each time until tlie acid rem.uns colour- 
loss ; usually about twelve treatments witli a<d«l are re<piir(“d. The pcTroi l.iyer 
is nex. washe<l with water until acid fi’ee, the petrol run into a weiglietl fl.isk, 
the pei'‘d distilled oil’, and the rosiilue dried and weighed. In a particular 
case this residue was 5 per cent., atul was ipiite soft. 'I'lu' residue is dissohed 
in alcoliol ether (I to 1 by volume) and let stand at *32 F. to separ.vlc tlie 
paraffin. The [laralfinis liltered ofl’and washed with thealeoliol-etlier mixture, 
dried and weighed. In the sample taken the hard [laixUlin amomited to 
I •()G per cent, on the original piteli. 

Minkkai, Oil Pi icii. 

Melting r<unt — I ICtln I s'.Iuble, 70 to 80";, I 

Kiissiiiii soft, 109 F. Kiuomui A S.iinow |5eiizi>! sDliibli, about 90", _, 

,, 1111 'ilium, 15G ,, ,, ,, I lodiiH Value 

, ,, haul, 178 ,, ,, ,, , Aiinuicaii 130 F M.l’., 3l‘2 Kansas 

’Volatile matter, 85 to 92";, | ,, 180 ,, M.t’., 127 Ti inis>Ivaiiia 

Ash, generally below O'l');, ! Russian 150 ,, M.l'., 56 1 

Fiec Fatty Aculs, alw.iys Ih'Iow 0 •5'',, as oK le ; 


MINERAL OILS 

Leaving out the light spirit and lamp oils, tlie cliief varieties ami' origins 
are:— 

American, Kansas . 

,, Mexican 

,, I’ennsylvania 

,, Texan 

Kouiminian 

Russian • 

Scotch . 


icd oiks. 

spindle oil 895 to resuluum 985. 

^mineral coha to rosiduum 935. 

915 spindle to residuum 935 to 950. 

886 ,, ,, 935 to 945 

\ 885 ,, ,, 910 to 912 from keronejM^ 

\ ,, ,, ,930 to 935 ,, lubiicating oil. 

fioin mineral coha to 905 lubiicating oil. < ^ 
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Appearance.— All tirades, even when the colour is black, siioukl be 
quite clear and bright. The chief ca\ise of lurlji<li^t.y i.s tlie presence of a 
small amount bf water ; if more tlian O’l per cent, of water is present, small 
bubbles of water c.ui be seen in the sample if the oil is examined with a good 
[)Ocket lens ; on lieatmg a few cubic eontimetros of the oil in a test-tube until 
no more bubbles rise, the oil will remain briglit on cooling if the turbidity 
was due to water 

Turbidity due to insulheient washing after the soda treatment during 
refining. Five c.c. of the sample is boiled with f) c.c. of water in a test-tube 
and pub aside to settle out ag.iin. If tlie aqueous layer is milky after separat¬ 
ing, tile oil has not be»m properly waslied ; tins fault is, with the excc])tion of 
Scotch, Galician, and he.tvy Texas oils, not often met witli at tlie present time. 

Colour. —This can usually he juilged quite near enough with the eye, 
and is only of importance in tlie case of while .lud lialf-whitc oils. White 
oils should he as colourless as distilled water, and<[uite free from lluorescenoc ; 
a samiilo shouiug any colour is Ui he classed as oll'-colour, but of course what 
is off-colour fur a white oil would bo described as a good halF-wliite oil. 

When the colour is darker than usual for a givmi grade of oil, it is 
generally caused hy the refiner heating tlu; oil aiul blowing air tlirongh until 
the oil is dry and uli'.ir ; this is soinotimes cloia* after the soda treatment 
instead of the usual water washing ; during the blowing the soda compounds 
present go into soluiion in the oil, which is left quite cle:ir but darker in 
colour than would be the case if the oil h.id been proprrly w.ished ; the amount, 
of asli in such samples is always higlu'r tb.m usual.*' In tlie refining of Texas 
oils such persistent emulsions arc formed during the soila treatment th.it it is 
almost a commer<rial impossibility to separ.iti; them, and in such c.isus the only 
method oinm to the retiucr is the heating and .lir blowing described above. 

When oil turns darker on keeping, wliich ucctiis cliiefly with Scoteli oils 
and the lighter Galician oils, it is due to insulliciont soda treatment; on 
warming such oils w'ith e.iustic soi.ia solution a si'p.iration of more or less soda 
tar will take jilace. 

Smell. —Good (jualities of both .\morican and Jlussi.in oils iiave the least 
smell, ;iiid the lighter Suoteh, Galician, and Rouinani.in oils the most. Grade, 
fuel, grca.se-iuakiug oils, and residuum arc usually strong ih smell, the chief 
exception being the Russian residuum from the kerosene stills. 


Spfcilic (Ji\v\ily . - 

Autenc.iii ifliiie'! hikI iIisIiUhI uih — 


Kan.s.vs .... uj* to •926 
Mexican . . . u]) to 921) 

Penusylv.inU . . to •O'JS 

Texas .... to ‘950 

American crinlc anh lui 1 oiK to '950 


Aim 11 C.UI ii'siiliiinii 

. Ln '9H0 

1 lain uii itliiii il 

lo 919. 

' „ Ifi.ick. 

. lo -945 

lloum.iinan rc'-uhiuni 

. to 950 

; Russian rcliiicd 

. to -917 

i ,, I'tsidnum . 

. to -930 


For a given specific gravity Scotch and Galician oils h.avc the lowest viscosity, 
American are intermediate', and Russian oils h.ivc the highest viscosity. 

Refractive Index. —This is of considerable importance, as, with the 
exception of the specific gravity, the refractive imlex is the only additive 
figure we jiqsscss. 

Optical Activity. —Mineral oils from all sources are optically active, 
bait as the rotation is so small? it is of no commercial 'interest; still it throws 
some liglit og filie question of origin. 



MnSral oils. 


IJ3 

Vapourising; Point. —The temperature .it which the oil wlicn heated 
in jui open vessel first j;lves olf visible vapour. This temperature Ls ^'enorally 
from 120 to F. below the open Hash point of tlio s.unple. 

Open Flash Point. —Tlic temperature at which the first blue Ihune 
runs completely round the dish. 

Fire Point. —The temperature at which the oil in the dish will continue 
to burn when tlie Hash light is taken away. 

Coke in Mineral Oils. —Determined by lieating 1 to 5 grammes ol 
the oil in a platinum dish with a luminous Aigand Hame untd the residue 
does not fume any more. The residue is tlicii cooled and weighed. 

If eoncordant results are to be obtained, it is essential that noiirly tlie 
same quantity bo taken each Lime, and that tlic lieating be earned out as 
rapidly as can be done witliout .illowing tlie oil to boil and spit 

Kiiglor states that the coke in distilled oils should not exeeed .‘1 per cent., 
and in rehned <iils sliould not be above 7 per cent., but he gives no limits for 
filtered .ind dark cylinder oils. 


On.. 

^ I'la.CKN lAOl 

ic OK Cork 

SooLcli, 886 oil 

i 2 29 


Atik 1 iCiUi, ji.ilo 

2 22 


,, 885 

3 30 


,, SM.6 ,, ... 

1 8.''. 


000/907 ,, ' 

r, 90 


,, 912/inr) ,, 

33 


, 912/01,') od 

, 4it<) 

0 32 

, Texus, 910/0-l.'> u'll 

‘ r. 1(1 


Uussi.t 89.') ... 

1 07 


,, 007 

1 0 81 


Aineiicaii d»xrk cyhiKhi oils . 

' 4 72 Lo 

16 30 

,, liUcri'J c> Inulei oils, (lui<l i 

10-23 t,( 

> 10 89 

,, ,, ,, solid 

6 29 to 10 89 

Wliilf ('< icsiii 

rio 


,, Pi Irol )iHy 

3 18 


Yellow I'etiol jolly . 1 

3 82 to 

.') 91 

,, IVtiolatuv' 

7 16 to 11 13 

111 view ,of the general .uMition of .i sm.ill pcrcent.ige of fatty oils 


mineral oil intended for the liibrieation of internal combustion engines the 
ell’eet of this addition on the eoke is interesting. The ell’eet is to lower the 
.imount of coke formed, and presum.ihly to lower the amount of carhouisiug 
in tlie cylinder of the engine. 

A gas engine oil containing ~} ]>cr cent, of l.itty oil gave I H.‘) per eonl. 
coke. The same oil without the fatty oil g.»\'‘ 7 per eent. ol coke. 

Ash in Minercll Oils.-'llost dctermimd by igniting tlie reshhie fioni 
the coke estimation. 


On,. 

1 

rKltCRMAm', OK Asii. 

Aniei ie.in, 886 sjdnrllc . 

,, Tex,IS, 936/940 

,, <Iaik o\!iiidel'oils 

White Ckiesni r * 

0 12 

0-22 lo’O 24 
traces t>’0 27 ^ 
tiaccs 


8 , 
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Resin in Mineral Oils. — Kojins <U) nol occur in nuncral oils at present 
on t^ic market with the o\ception of Utc Tex.us oils of lligh specific j^ravity. 

Five grainnies of the oil are \Yei‘x]ic<I into a llask, and 25 c.o. of N/1 
alcoholic potash added, the mixture boiled under reflux for thirty minutes. 
The unchanged oil is shaken out A\ith petrol three times, the alcohol solution 
and washings decomposed witli acid and shakeii out in a separator with 
ether moth, twice, tlie etlier washed with water until acid free, run into a 
weighed flask, the etlier distdied oil’, and llie rosiiluc dried in the oven and 
weiglusl. Two samples ol red Texas oils gave 2'lfl ])Cr cent, and 1()3 per 
cent. ; the rosins were in hoth cases solid hut tacky, and were not further 
examined. 




bXHSI'. 

\'AI,UIs 


Anioi'ican iiiuiciiil (ul/.i, 

2-5 (o 8 0 

Aiiii'iieaii liiglieoM tosl.tilti k 

'1 » 


S6U ]icili ruulial . 

8-8 (o 11 2 

cylnulei . 

6-0 to 10 3 


SSf) J ' S90 aeuli il 

12-} 

,, (l.nk lylituli'i oils 

11-3 to 17-7 


880/88.5 julu. 

10 1 

,, low il.vsli black 



885/890 „ . 

15-5 to 13-1 

aiuieial oils 

13i to 10-3 


805 . 

1)-7 

(i.ilu Hill 885 [lale. 

13-2 


900/5)07 ,, 

5)05 ,, 

5»‘7 to 11 •? 

,, 85)5 ,, . 

10 4 


8-.1 to 11 •] 

,, 90.5 ,, 

(l-l 


1)12/5)15 ,, 

7-0 lo8T. 

,, 015 ,, 

8 9 


lol 5)l-2y915 

10 7 to 15 ' 

iioiiiiMiiuii lesuluuiii 

17 8 


,, 025 

22 1 

Riissiiiii 895 . 

2 6 to -i O 


Texas, 5*25 . 

0 3 

,, 907 ,* . 

.-{•O to 8 5 


,, lul 030/935 

121 

,, yi2/015(\liii.|.i 

10 0 


,, 040/015 

low cold tost, lilti'ii 1 

12 9 

,, 910/012 It sidumii 

6 9 



Scoleli 805 . 

'11-6 


rvlitnld . 

8-8 to n 3 

M -''SO . 

20 2 


' Thu UKlmu \ iliit of till ac <1 iik uyliihlur oils rises with the spoeill* gravity. 


Thu nitration and formolitt'processes wliicli lollow w('re brought forward 
some time ago, and an* given hcri.' because tbert; does not seem to have been 
m.iny .itteinpts made at (jonlirniation or otherwise, 'riie uilratioii jirocess 
the writer Inis not liad the opportunity to try, hut has nfado a few deter¬ 
minations witli tins formohto process , 

Nitration. —Ten c.c. of the sample are dissolved in 10 .c.c. of light 
petrol, and the solution added dro]) by drop to 30 c.e. of finning nitric acid 
(sp. gr. l‘r)2) cooled to 10’' C ; the addition of the solution must take thirty 
minutes. 'I'lie temperalnrc of - 10' (!. is b(“st kept by immersing the vessel 
in a 15 per cent, salt solution, which is cayolcd with icc and salt. After the 
solution is all drojiped in, 50 c.c. of coohnl ordinary nitric aeiil i.s added, and 
the mixture poured into a separator. 'I'lie acid layer is run on to ice, whim 
the nitration products dejiosit as a yellow )>recipitate; this is filtered off, washed 
free fnvn acid, and dried sit l.iboralory temperature. The petrol layer con¬ 
tains paraflms, naphthenes, and polynaplitheiies, and is w'ashed with water and 
then with alkali until acid free, and again vvitli water until neutral; the petrol 
is run into a weighed flask, the jietrol distilled off, and the residue dried 
and w'cighed. There is always a slight middle lay^.T insoluble in water, the 
weight of wjiich is he added to that of the nitro bodii's. 

'Igjic reiiactive index of tlio oil recovered from the nitro bodies is in all 
«ases lower than tliat of the oil. 

‘Formoytt Reaction was first put forward })y Nastukoff in 190-f, 
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who stated that the pijpportioii of uusaturate<l liydroc.ivhons eould ho (d)t.iincd 
hy multiplying the foniiolite value by four-lifllis. in T.Hl ^J•u•cu^son ^t*ale^.l 
that the fonnolite value estimated the uusaturated aromatic and cyclic hydro¬ 
carbons ill those oils, and he showed that th(! iodine \alue of llie unacted-ori 
oil was decidedly lower than the oiiginal oil. If the percentage of tlie 
fonnolite precipitate depended upon the amount of nnsaturated liydrocaritons 
present, as shown by the iodine value, tlie fonnolite \alue should rise with 
rising iodine value, but the table given below does not show any such 
relation, so that it appoiirs us though .v considt;iahle amount of work will 
have to bo done in this direction before w’e shall get anything doHnito, 

Formolite Vnbie, Ori'jinaf Pro((^s$. —Twenty-^e\<'ii grammes of tin; oil are 
dissolved in 50 e.c. of normal petrol, 50 c.c. of cimcciitrated sul[)hnric acid 
are added w’ithont stirring, then while (tooling add 15 e c. of 40 ]>er cent, lorni- 
aldehyde, shake until no more heat is gi\on oil, cooling between shaking, let 
stand fol* half an hour, then pour into 500 e c. of water, and wash the llask 
out witli water; the aeid solution is next satuiated wd.li ammonia, the pre- 
ci])itatc IS sucked oil and washed with petrol to remove fiee oil, .ind then 
with water until the w'ashings are acid free. Tlie jirocipitate is dried at 
105" (J. to constant weight. 

The process was trie<1 witli.i view of ha\iug aimtlier method lor (hdei-' 
mining the (n*igin of a given sample; when a stdlnicnt. iiuaiitily of tlie 
sample is available there is in> dilliculty in doing Lins, hut, iinfoi Innately, 
there .ire many cases when one h.is only 25-50 c.e. of a s.nn[)K‘ for tlu' whole 
examination, so ex[)eriments were made in the dneclion of cutting down the 
amount of oil nse<l for the test. During these expeiiments iL was fniuid 
that the ri'action was not complete diiinig tlie few minutes ol shaking and 
cooling and also that doubling the amount of loinialdelivdc, with the 
object I'f increasing the speed of tin; reaction, gav<‘ a l.irge increase in the 
amount of jireci^iilate, if the acid doubled as well, tlic amount of precipitati' 
is only the same as tlic original process. 

Tlie process is now carried out as follows :--Weigh out 2 graimncs ol 
the sample into a 500 c c. llask, dissolve' in 50 < .c. of [leliol ()(»} spccilic 
gravity, 5 c.e. of coneeiitr.ited snlphuiic .uid, and G e.c. of 40 per cent, 
formaldeliyde added without shaking, then e<H»l undci tic t.ip and sh.dce 
iiMtil cold : the shaking is tlien eontmned for lifteeii minutes longer, iH'xt a<hl 
50 c.e. of w'^iter, sliake, ami .uld excess of amiuoina. 'riie precipitate is now 
filtered oil through a dried and weighed filter, the filter uaslicd liist with 
petrol to remove free oil, and then with w.der until free fiom ammonia and 
sulphates. The precipitate is then dried in the water ovc n to const ant wciglit. 


On,. 

K'HiMniaiK 

Oil 

Formoli i k 

PllKClIM i'A 1 K. 

PllKCIl'ITAI 1'. 


l\'i cent 


I’oi cent. 

American 885/fel>0 

40 31 

Ami'iit.iii miiii-ial olza 

20 97 

Scotch 885/890 . 

31-39 

Anieiican 805 mutial 

9-27 

Galician 885 

74-80 

,, 4.5 cold Lost 111- 


Russian 895 .♦ 

4710 

ton (1 oylnnh r. 

, 0 43 

,, 907 

30 50 

T< x.is 9 10 r< il <iil 

19 12 

Galician 907 . ’ . 

.{ 1 9r> 

I’c linsylvaiii.i 91 2/91 f> led ml 

, OQ 

IVnnsylviinia 900/907 , 

31 80 

lluvsian JiyO li.iIf'W Into xil . 

8 10 , 

Texas 925 .... 

32 8S 

A nil 1 ^-iiii 80n It.ill-wlute oil 

7 15 
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The following; t;ive l!ie iodine v.alue of a few mine ral oils, the oiK from 
dilVerent soiirecsdHMng placed in order of rising iodine v.ilucs.— 


On, 

loiUNK Vallik. 

Koumoluk Value. 


Per cent. 

I’er cent. 

Rusai.iii ays 

3 0 

471 

,, 007 

0 0 

30 5 

,, 890 lidlf-wliiti' 

9 0 

810 

Oiilioian 907 

6 1 

34-95 

889 

10 4 

71 86 

Aiiiericaii 8G0 Imll wtun 

7 3 

7-15 

,, miinM.al coR.i 

8 

20 97 

,, 915 tf<l 

8 9 

19-42 

900/907 pale 

10 

31 8G 

,, 8G0/8G5 imIc inuti.il 

11 2 

9 2/ 

filt.>(d v.il\e 

13 3 

6 43 

,, 910/9'f. ic.l . 

15 3 

21 0 

,, 885 |uli «!j)iiidle 

18 3 

16 3 

Scolcli 885 .... 

21 

31 2 


Testing the Refining of Mineral Oils.- According to tlie authorities, 
an oil which has hecn insnlhcientiy tre.iLcd with acid will, on shaking witli 
its own volnim; of siilpharic .icid •spccihc uravity \arying according to . 
ditrcrcut .inlhors from 1'53 to I'/A hoi, colil, or hotli -turns the acid brown. 
On trying this it was found that no commercial oil turned aci<l of 1’03 specific 
gravity brown, oven cold. The general oidorin which the aci<l refining stands 
according to this tost is :— 

1. Thompson and Kedl'ord American oils. 

2. nettiu* Scotch oils. 

3. Uussian mineral oils. 

Level with the Russian oils .ire Oalician, Texas, and I’ennsylvanian oils of 
other makes. 

'riiis test is evidi'utly too severe for pn^seut-day refining. ^Vllcn using, 
.a mixture of 1 part of eouceutrated sulphuric aiad -ind 1 p.irt of water by 
volume, and mixing c<pial volumes of acid and oil, ihti lirsl three classes given 
above show no change when cold, and on he.iting the mixture to 212“ F. 
the acid is only slightly coloured, and the oil is paler than tlic original 
sample, but even this test doi's not pass many oils now marketed in large 
ipiantitics 

The Soda Treatment. —F<pial volumes of the oil and C.iustic so<la 
solution (3.3 per cent.) are slmkeii together and |jul in the hot water oven to 
separate. If the soila solution separ.ites slowly and is milky, it shows tiuil 
the oil was not sufficiently treated with soda during the relining. This fault 
appears to oecur more often with Scotch oils than any other, because the 
Seotcli oils contain a fair cpiantity of plicnoloid bcKlies, and increased sod.i 
tre.itment means increased loss to the producer, both in cost of refining and 
of course 1i smaller yield of finished oil. * 

AVashIng after Treatment. —K<pial volumes of tlie oil and hot water 
■ire s^iakcii logetlier and put iii the licit water oven to separate. If tlie oil 
has been properly washed tliehiil and water will se|)ar.ite ijuite clear, Imt 
if not properly washed the water will separate more or less turbid. As 
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proviou.sly nu'ntionod, the lio.avy Texas (liK are Uio ‘'reatost siitnei-s in this 
respect, l)iil all oll.s^ \vhi(;h have hcen blown iiistea*! ot‘^\ashed tuin tin' 
water 

Combined Sulphuric Acid in Mineral Oils.- All niineial oiis.on- 
taiii more or less aromatic compounds, ami these are liable to sulphoii.uic.n 
dunriji the refining, and so are often to he found in the finished oils. On 
heating the oil with its own volume of newly distilled aniline the pieseiiee of 
sulphonio acids is sliowui hy the mixture hocoiniiig more or less turhid *)wing 
to separation of aniline sulphate. 

Metallic Soaps in Mineral Oils. - Tlie addition of oh^ates of h.id, 

.duiuiua, or (Calcium to miiiei’al oils is not as lrc(|uent as was formerly th<’ 
ease. This addition raises the specitie gravity hut little, so that an oil h.iviug 
a very higli viscosity for a given speeiHc gravity is sure to eoiil.iiu (‘ither 
luotallic soaps or iiidiaruhher. If the suspected oil hehoiled willi liydroi hlonc 
acid fof thirty miuuti's, adding water to m.ike up for the evaiioiation, the 
acid li([Uor run olf and tested in the usual way for bases, then, .\fter washing 
tlu‘ oil until aeid free, the viscosity of the oil is taken from ,i 10 e.e. jiijteUi', 
and if metallic soaps have been added to the saiiqile its viscosity will he 
found to he very much lower than that of the origin,il sainjile. 

Indiarubbef in Mineral Oils is detected by boiling the oil with a 
mi.xture of 3 parts of ether .iiid 1 p.irts of alcohol, which will pre< ijulate the 
indianihber |)ieseut; tin* procipit.ite if desired may he tillered of], w.ishu<l, 
dried, and weighed. 

Dark Cylinder 'Oils may he diviiled mlo two classes. (1) willi 
asphaltum below 0’5 per cent., (11) with asphaltiim over O’fi per cent. 

The two classc.s can he separated by mere inspection of tlie Imttlos m 
wh . !i they are <x)iit.iine<l. The oils with low asph.iltum content will l(‘ave ,i 
jierii' tly smooth coat of oil on the bottle side, which will remain smooth as 
long as it stays on the gl.ass. The oil with high asphaltum content will 
le<ive in tlii' layer on the liotth* side many Imi'ly divided [lartieles, which are 
left on the glass as the oil gradually llowa away from them. 

Asphaltum in Dark Cylinder Oils. Dissolve 2 grammes of tiie oil 
in ])ctrol of O’OI speiilic gravity, allow to stand tluee hoiir.s, fillin’ ofV, and 
wasli the filter with petnil until fat Irei'. 'I'lie residue on the filUu- is dissolved 
4)fl' into a weighed llask with hot bon/.ol, the beii/ol distilled (iff, and the 
n'siilno drfed and weighed. 

The amount of asplialtum in dark cylindiu- oils i.s ver> variabh', ranging 
from O’Od per cent, to 2-25 per cent., these being tlie limits found in aliont 
100 estimatioii.s. 

If a dark cylinder oil contains much over 1 per cent, it will turn quite 
solid after twelve hours’ heating at 212’ k\, which shows what will happen to 
the oil in a steam cylinder where it may be exposed to a nuich higher tempera 
tnre than 212" K. The highest percentage <*f asph.dtiiiii found in hl.ick 
mineral oils, fuel oils, etc., was 2-18 per cent. * 

PkIII KNTAl.l- 1)1 A''l‘IIAr,IUM [ 
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sample of dark cylinder oil liad specific gravity^, *0308, and contained 
1'50 per cent »of as[)lialtiiin, detcrniiiK'd as above. After removing tbe 
asphalluin tlio specific m'avily of tlic oil was only *9083. 

Connection between Analytical Results and Practice.— booking 
at tiic question from a theoretical jioint of view, if one leaves out oils with 
a very low viscosity, there is no doubt a close connection between the Red¬ 
wood figures and the internal friction of the oil ; from this a first-class oil 
shonhl have as liigli a vis(;osity .is can be obt,lined for a given specific 
gravity. 

Tlic lower tlie iodine value the higher tlu; viseOsity, .iiul also the less 
liability for oxidation to take jilace during u'-e. 

Tbe less the interval between tlie \apoiir point and the llasli of tlic oil' 
tlic less wastidul the oil will be m use, always provided tliat tlie bearings on 
whicli tlie oil is used are ke[)t in good condition. 

The cold test like tlie specilur gravity slioiild be tlu; lowest obViinablc 
for a given viscosity. 

The oil should h.iM* a va[>onrisiiig point lob V. above tbe temporatun* 
.at whicli it lias to be us<‘d. 

Tlic flash point will luit r.iiely come into consideratiop, as tliere are no 
lubricating oils on the market with a tla-^h point below .300 K., whicli is 

quite high cnoimh for safety, in spite of the insur.iiice limit of .310' lA 'J'he 
following oilers comp.irison of tluse reijuireiiients with actiud figures obtained 
from good oils of tlu'ir el.iss now on tin- market-— ^ 
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PETROL JELLY. 

Two vai’ietich iire to be found, tlic natural jel!it.’s and tho artificial. The 
latter may lie anything from mixturch containing 7'i per cent natuial j<‘iiy 
to a mixture of ceresin or paraflin wax and a light mineral oil. 

Specific gravity: natural jelly, -860 to ’.syO, according to tlio melting 
point; the liighcr the melting ])oint, tho highoi tlie s]) 0 citic giavity. 

Similar limits are found for the artificial ]elly, exiept in the case of very 
poor imitations, when the specific gravity may rise to 900. 

\Lelting point v.iries in both kinds from 05 to lib’ F., the C(fid test from 
90 to I ()() ■' F. 

Uefractivo index is liigher in natur.d jollies (over I'lHf)) than artificial 
(i t72 to M77) at 1 10' F. 

N'iscosity : tins gives the most C(‘rlain indication as to purity 


Nai'Ui:al .Tki.lv 


Visiosity 142 Hedwool al 110'' F , 



TTr> 

94° \<\ 


3i0 

„ 117" K. 


-T70 

,, 114 Hus Sililph- u 

IS lllIHlOl Jls lint 


.. .. 

Ill coloin IS a lilt<-i('<l (yliiuU i nil. 



AhI II It lAI, .1 Kl.LY 

Viscosity f>8 at ltd f'. 

, mixture of wax and minor il "d. 

M 6r> ,, 

70 

108 

185 

,, ,, ,, and natiii.il j( lly 


The last sam[)le w.is made sjiecially in ordi'V to see wliether it was possible 
to make an artificial sample having a viscosity .as liigh as the n.dural jelly. 

(Toko is higlu'i* ill the natural th.iii in l,he .irtilicial • — 

iVatuial Jelly - 5 to (! per cent, for 100' F. cold test. 

,, 7’5 per cent, for 117' 1*'. cold test, colour pale. 

, ,, ,, 1 I Td per cent, for 1! 0 F. (old test ,, dark. 

ArtiliciaUjelly is alw.ays bedow'^ 5 per cent., even in samples containing a 
high jierecntage of natural j<dly. 

, The reason for this is that tlio coke in cel•e^in, par.alVm wax, and light 
mineral oil is always low — 

Wliite Cere.siii, Id percent.; Light Oils, Id to .l-.'l per ccait. 

1'lie tenacity of petrol jellit's varies with tlic viscosity of the sample at 
140" F. The lower the viscosity, tlie lower tlie tenacity. 

Detection of Ceresin. — Dissolve I gr.unme of |clly in fo c.e. of»carl>on 
disulphide, and keep the solution at a tcmjieraturo of 70“ F. ; if ceresin is 
present the solution will either turn turbid or show a flocculent layer on the 
top, according to tho amount of ceix'sin present. The above docs not give 
any precipitate or turbid.'ty with p.irafiin wax. ^ * 

Paraffin Wax in Petrol Jelly.- Hefore testing for paralfin wax, tlie 
absence of ccreaiii must be proved as above. i :i 

Dissolve the s,unph‘ irt alcohol fri'eetlier, aiyl wlieii cool add tlio snrnc volume* 
of absolute alcohol : a bulky white precipitate will form at ouco if paraffin 
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wax is proHOnt.; filtnr off, and wash with alcoliol-othor (1 to 1), and tak(‘ tho 
nieltinp p(jint,of the Boparat(3d wax. It must l)e lomembcivd tiiat this is 
only a <|ualitative tost, and further, that tlie melting point of the precipitated 
w.ix will bo higher than tliat of the wax iisefl, hocaubc the paraHin wax is a 
mixture of bodies of dideixsit melting point, and tho fractions of highest M.P. 
are preenpitated first. 

Saponifiable Matter in Petrol Jelly. —The aehlity of petrol jelly 
should always he determined, because this will at once detect the use of so- 
called eerosin samjdos which contain rosin or shellac ; but in some cases castor 
or other oil-s have been added to petrol jelly, and of cour.se the saponifiable 
can oidy be determined by saponificato separation and weighing the separated 
saponifiable matter. 

Samples of petrol jelly containing saponifiable matter turn rancid, and 
also will not jiass the B.P. tests. 

Iodine Value. —Thi.s is not of much v.ilue, because a genuine white jelly 
like a white oil has most of its unsatnrated constituents removed during 
preparation, ''iid has practically no iodine value, fn the case of the yellow 
jelly, since the highest iodine value one finds in a filteretl cylinder oil is 15, 
this figure gives us an upper limit for iodine \aliie For artificial jelly, since 
the paraffin scale used h.is hut little iodine value, and tli'e light oils used do 
not exceed an io<lino value of 12, Innx' again we obtain a fairly goo<l nppei’ 
limit. In actual practice the highest iodine v.ilue for a wliite jelly was 6, 
and for yellow jelly li d. 

PARAFFIN WAX. 

The usual commercial grades arc yellow’, somi-refined, and refined. 

Melting point varies from 102 to 1.50' P. 

.Specific gravity „ 'SI 10 to "8800 at 60“ l\ 

Iodine value ,, I to 10‘5. 

The specific gravity if taken on sam[)les of difibrcnl melting point hut 
from tlie same source rises with the melting point. 

The degree to which the refining has been carricfl may be told by 
heating tho sample in a test-tube with concentrated'smpliiiric acid; the 
colour of the layer of wax is d.irkcr or paler according to the extent to which 
the refining has been carried. 


S<>iiKCb;. 

Sl-KCIHC (1 LAVI 1 Y, 

loniNK Valui\ 

Scotch 110/112 MP . . 

•8828 

10^6 

,, 118/120 „ ... 

■8812 

4-9 

„ 120/127 „ . 

•8855 

3 •a 

American 106/108 ,, 

•8533 

5-4 

120/122 ,, 

•8410 to -86.86 

D9 

,, 18.VH0 ,, 

•8690 to -8772 

10 

,, 130 M.P. yellow . 

•8823 
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CERESIN AND ITS IMITATIONS. 



'Jorcsi .1 itself is very rarely founct on the market; tho usual commercial 
article is a mixture of cercs'in .an<l parallin, hut resin and other bodies are 
.also used. Tlie difiference between melting point and cold test in the case 
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of jjurc cercBin is usually about 4^ K., but in ini.’vturcs of ccrcsin and paraOln— 
that IS, most of the oombiercial corcsii^s with iiu'ltm^ point from 110 lo IHO 
F.—the difleronco bctw'oen molting point and cold lest is sonietimcK as nuicli 
as 10 to 12“ F. 

The specitio gr.ivity slmuld always bo taken, beeausc the specific gravity 
of ccresin is over 'blO, and coimuercial parallin is always under 'bOO. 'I'ho 
acidity tilso simuld never l)c omitted ; in natural corosin and parallin wax the 
acidity as ohuo acid is below F5 per cent., but if resin or sholhic has boi-n 
•addl'd tlie acidity rises with tho poi’ci'iitagc added. (Jommorcial yellow 
coresins, with tho exception of the ”rade known as natural yellow, :ire 
coloureil with coal-tar dyes, which may be removed liy boiling out the sample 
with alcohol Tho class of dye most often iisi'd sci'ins to bo the Sondans, 
m.iile by the llerlin Aniline Co. Although these colours do not give any 
characteristic al^sorption bands with the spectroscope, they are easily 
identified.’ 

Soudan 1 gives a red colouration witli cone, suljihuric acid. 

,, 2 ,, ,, ,, ,, ,, ,, sl-roiiger titan I. 

,, 5 ,, a dirty biowmsh gieen with conecnti.iletl suljthnric acid. 

,, I ,, .1 full bright green ,, ,, ,, ,, 

t^iuinoline ^’cllow is used for lemon yellow. 

Resin in Ceresin. — IVC dclKUon by the Liel» imann Morch 

reaction may be deti'rmiucd (juantitativcly liy either volumetric or gravi¬ 
metric metliod. 

Volumetric Ana.lysis. — Ifissolve fi grammes of sample in [letrol, add 
an eipial volume of neuti dised aii'oliol, .ind titrate with \,U) alkali, basing 
the ca(< ilation on tlie average acidity of resin lieing t'o j)cr cent, as oleic 
acid. ! he acidity in cercshi is so low that it may I'C neglected in the 
calculation. 

Gravimetric Analysis. —Sajiomfy r> giammesof sample with alcoholic 
jiotash, and shako out with jictrol as usual. l)ccum|)ose tin; soa[) solution 
with acid, and shake out the resin w'ith ether, w.ish, distil the ether of), 
dry, and weigh. Jibe results, like all other resin estimations, are always 
high, so tiiat the volumetric method is prai'tic.illy as accurate, and miieli 
quicker. 

Estimation of Paraffin in Ceresin and Ozokerite.— A method 

depending on the following expi'iimeiiLs has heeii worked out by Marcusson 
i’lid Scliluter :— 

1. A solution of ceresin in carbon disulpiiide has from 55toGfi percent, of 
its hydroc.irbonH precipitated b^-^ the addition of a mixture of alcoliol and 
other under certain conditions, whilst par.ilhii of cveiy kind remains entirely 
in solution. 

2. A mixed solution of parallin and ei'ix'siii under thc^same conditions 
has part of its liydrocarbons jirecipitated by akohol-othor; the ‘amount 
of preci[)itatc is always about (iO ])cr cent, of the coresin contained in 
tho mi.xtnre. 

Tlircc' giMinmcs of tin; sample, altei {..irelnlly freeing the sample from any 
resins, fats, or weighting m.itcrials it may contain, .ire rlissolved ip 30- c.e. t>f 
carbon disulplii<*.e by gentle wurming und«'i r«'lbi\, tlie solution is biought 
to 77 * lb in a wati'r batli (tlie more eeresm present iii the s.imple tlie gveatm 
the turbidity of the solUtion at thi-. stage) ; ,3(»0 e.e. of al<’ohol-eth(‘r (1 to 1), 
tho alcoliol of 9fi ]ier cent, at 77’ l^k are ailded, and the precipitate cpiickly 
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siu'kcd ofV tlirovi^li a iJuclinov funiiol; tlio prcoipit<itc is washed with 25 c.c. 
of *t]ie Jilcohol-etlier mixture (at 77' R), and lI>o pi’t'oipitate then dissolved 
into a wei^licd'flusk \vitli 1‘jen/ol, tlie heii/ol distilled ol}‘ and tlie rcsidiU! dried 
and weighed. The |)C’recnt.i|^e of p.iraMin is calculated from tlic weight of the 
precipitate as follows :— 

Whilst GO per cent, ol precipitate corresponds to 100 per cent, coresin. 


a per c<mt. of preci[)itate 
When — percentage oi paiallin, 


100a 

= per cent, ceresin. 




Shellac in supposed ceiesin. The sample w.is olleted as while ceresin. 

Spedlic tSravity . . ’9207 1 Melting Point I9l F. 

Acnlity . 5 29 '\. isok‘ic..cul j Cold Tost . . . 184 K. 

Five grammes of the sample were .sajionilied with <dcoholie potash, tlie .solution 
allowed to cool, and poured into a separator, le.wing the rake of wax. lieliiud 
in the llask. Tlie c.dve was again boiled up with alcoholic potash, and tlie 
potash .solution again [xmred into tlie sep.aatvir, still leaving lh<‘ e.ike in the 
Ha.sk ; the cake was washed with water, and its melting point detennine<l. The 
figure found was 140" F. 

Neitlier the original sample nor the separateil aponifiahlo from it gave 
the Ijieliermann-Storch resin reaction. The 8<iponifial»le was found to he from 
white shellac. 

Quite a number of simiLir samples liave been ('xainined since, nsnaily 
having melting point 100 to 102" F., and acitlity 5 to 7 per cent, as oleic acid. 



Sam [lie. 

S[)ecilic 

<!iavit>. 

Acnlity. 

' Milling 
Point, 

Cold Tost. 

Wliito 

. 

•8560 

0‘;55 -1 00 

■ F. 

125-135" K. 

Yellow 


■900U 

0 98 

no ,, 

133 „ 



•9132 

0-70 

1 m 

126 , 



•8971 

0 98 

: 138 

125 „ 

black 



1-06 


140 ,, 


IticsiN Oil-'. 

Spccvlic Ciavity ‘9709 W I’0148 | lodiiio Vohie . . 92 9 ti» 84‘2 

Acidity as oleic . mi to 41’60 jicr cent | Ib'fr.icLivo Index . 1‘5133 to 1'6428 


For the prcpar.ition of emulsion oils a resin oil with an acidity below 
15 per cent, is not much good. 


3.9 to 50% (largely 
luiiieral) 


• Kksin On- Gubasi'S (Srr Gkkake:}. 

_ . .. 

"Wat^r and ( jss . 15 to 30‘:{, I lvf,sin oil and ininiMl . 

tLiiiic . . . Ii5 to 35% ’ 
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LUBRICATING GREASES. 

Tlie&t! ai’y of two ^viudw. cup j^iouscs, nuulc iiMially froin lnpiid »ll^ 
sajMniiiiod witli lime; and enj^iiie |^■rL'.^so^, made I'rom (mI mixlurch oonLamm^ 
hoino solid fat and saponified witli soda. 

These greases also vary greatly as reganls filling m.iterial, allliougli 
the fillers are supposed hy this makers to add to the luhricaling xalue 
of th(! product. 

Water is determined in the water o\<'n or, hotter, hy distillation. 

Fat and Bases. — l^'ivo grammes of the sample are weighe<l into a flask 
and hoiled up with hydroi'hlorie .leid nntd the fatty l.i\er is (piito cleai'; the 
iwlditiou ol a piece of porcelain will do .iw.iy with humping, which might 
othm'W'ise spoil tiie ti‘sl. Wfien the fat is clo.ir, the flask and contents are 
cooled iindei’ the tap, and shaken out twice with ether, tlie ether extr.u.ts 
washed with wiiter until acid free, the ether distilled olV, and the residii.il oil 
dried in the omui, coole<l, and weiglusl. The oil is put, on one side for furlln'r 
examination. Tiie acid siilntioii and wasliings are mixed together and cx 
amiiied for bases. 

Free Acid is iMeiminecI III the same way as In oils and fats. 

Free Alkali, like free aihl, is sometimes found in h.irlly picpan’d 
greases, .iiid is eas.ly di tected with phciiol[)hthalein : the dotei iiiinatioii ol 
llie anainiit present made' liy diss(»l\iiig np .is for flee acid, l)iit the titr.ilion 
is carried out with N/IU .icid, .nid tin' rcsiili. (.ilcnlaled to the base present. 

'I’here is no connection lietwceii thi' diopping point and the percent.ige ol 
water in these gieases. • 


Total Kal 

9,^. H 

94 14 

90 74 

72 51 

Wall 

3 90 

! 1 54 

0 r>i 

IS 27 

Soila 

50 

1 2 19 ^ 

2-70 CaO 

8-10 C.iO 

F.it contains 

il>!c 

' 93-2.''> 

23-3.5 

17 


Unsi|)(iiiili.i.hlc 

76 22 

76-40 

83 
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OILS, FATS, AND WAXES OF THE BRITISH PHARMACOPCEIA. 

'I'hc foUowinj; arc tlie limits allowc'd in tlic tests of tliese samples :— 

Acidum Oleicum (oleic Acid).—Specific ^^ravity S'K) to -910. Cold 
test 10 to 41' K. Dissolve 1 orauimc in 15-'J{) (‘.c. 90 per cent, alcohol, add 
phenoljdithalci i and aipieous *25 jier <cnt. caustic, drop by drop, until pink, 
make just aci<l with acetic acid, and filter. .Mi\ 10 c.c. of the filtrate with 
10 c.c. other and iO c.c. aqueous lead ac<‘tato solution ; only a sliglit turbidity 
should result. " 

Adeps (Lard).—Saponifiable value 192 to 107. Iodine value 52 to 63. 
.\cidity 0‘3 per cent. max. Refractive index 1*153 to 1 155. Melting point 
d.stoirc. 

Adeps Lanas (Anliydrou.s Lanolin).—M<4tiu^ lioint about 10° ('. Ash 
not above 0*3 per cent. 

Cera Alba (White liecswa.x).—Five f^rammos must Like 1*5 to 2*2 c.c. N/1 
alkali to iioutraliso the free fatty acids, and 6*2 to 6*S c.c. N/1 alkali for 
saponifiable. 

Cetaceum (Spermaceti).—Specific giMvity *94 to *95. Melting point 
12 to 50' (k Iodine value 3 to 1*1. SaiHuiifiable value 125 to 136. 

Oleum Amyg'daldC (Almond Oil).—Saponifiable value 188 to 200. 
lo<iiuc value 95 to 100. Specific gravity *915 to *920. Free fatty acids 
up to *2 ])er cent. Refractive index 1*472 to 1*473. Setting point 18'0. 
Ibber’s test to be u.sed to detect other kernel oils. 

Oleum Lini (I4nsced Od).—Saponitiahlo value 187 to 195. Todiiio value' 
170 to 190. Specific gravity *930 to *910. Acidity nj) to l'>5 pci* cent. 
Refractive index 1*4835. Setting point not below 20° C. Unsaponifialile 
matter under 1 per cent. Sulphuric acid and acetic anhydride test 
detect resin oil. 

Oleum Morrhuse (Cod Liver Oil) -Sapouifiable value 179 to 198 
Iodine value 155 to 173. Specific gravity '920 to *930. Acidity under 
1 per cent. Refractive index 1*4800 to I* 1830. l’ns<iponifiahh' not over 
1*5 per cent. After 10 liours at 0“ C. must not sei»arate solid particles. 

Oleum Olivae (Olive Oil).—Saponifiable value 188 to 197. Iodine value 
79 to 87. Specific gravity *915 to *918. Acidity up to 3*5 per cent, 
llofractive index 1*4698 to 1*1713. Ilalphen’s tc.sb for cotton oil. Uaudoin’s 
teat for se.aame oil. Nitric acid for cotton oil, and the following test for the 
qualitative detection of arachis oil:—A mixture of I c.c. oil and 15 c.c. 
alcoholic S/I potash is boiled under reflux for fifteen minutes, then kept at 
a te^^iporaj^nrc not exceeding 15' (5. for twenty-four liinirs; must not Vecoine 
flondy, nor siqiarate crystals ©f qracbiilate, • 

Oleum ^Ricini (Castor Oil).—Saponifiable value 177 to 187. Iodine 
328 
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value -''•I to H!). .Spoi'ihc gravity '900 to '970. jVcidity up to 2 per cent 
UetVactivc index to I'tSO."). The oil is soluble in alisolutt' .ile(fhol 

1)1 all piopoi-tiouh, soluble in ^dacial .icotie iicul, andalso in Ob \olinnos of 
90 per cent, alecihol. d’en c-C of oil shaken in a ejlass .sloppiui'd evlindev with 
7 c c. petrol I'ther di.ssohes cleat at 1 b" (b ; a further d c e. of ])etrol causes 
tuibidity, but after hve ininutos at dears a^aiii, the turbulily 

reapjicariiu; at 1>S' ('. 

Oleum Theobromatum (<’o<-ua I’utter). — S[)e<‘iti<- ;zia\ity '990 to 
bO*''. Sapoiiili.ible v.due b''!'' to 19b. Iodine value bb b to b7'b, \leUm,i; 
point b)0 to .'bT One f^ramine dissolved in ether (b e.<,,) at 17° < and eoulcil 
tt» 0 {_!. must not separate solid in three minutes. (In .leaiii u a l•!nlnl^ to I b-b“ <' 
the iiiivtnie must "radiially ele.ir. 'Die melline: jioiiil must uni lie taken 
until the sample has stood torty-eieht hours alter [ue|niine. \eidily not 
over 1 per cent. 

Parrfffinum Durum (Itu-atlm \Va\).~-Speeitic livnity M* to 91 
Melting point bl to bO' (.' Xo ash. 'I’ho ilioholn e\tia< t must iml turn 
blue litmus papiT led. 

Paraffinum Liquidum (Wluti- .Mmeial oil) Specihe uiavitv S(;(,> to 
SSb. I'our e.e. oil, 2 c i' ibsolute ah oiiol, and 2 drops of .i s.ttuialeil solid lOii 
ot lithai'ge in i austV' soda musl rem iiii eolmn b'ss aflei heatiiie to 70 (loi 
It'll minutes (.ibseiici'()1 sulphur t.'ompoiiiHls) Ten c e. ol alcolml htahd uitli 
-b e.c oil must not redileu blue litmus pa])er. 

Paraffinum Molle ( belt <>1 .lelly) -Sijk ilu cm v ity at melt 111 -' pond '.'''10 
to S70 Meltm-_r pomt*b)i) to -1-2 (’. 'Pen < i drnhol boile<l w d b > c;ianimi > 
must not K'llilen blue litmus [up<‘r. d'eii -ci'.immes bmlrd ten minutt s with 
2(1 e.c. ot cailstH-' soda solution, tlic soda solidiou se}).irated and aLiilil’ied with 
sulp-mric adil, must cove no prc< ipitate or sejinit*' oily boilies. Absence 
of fat'\ oils, i.ils, ,ind ri'sins, Xo asli. 

Sevuni Prseparatum (I‘rep ired '!' illou ).—.s Ipon ill able v.Unc 19'2 lo ! lib. 
Iodine value b.b to H) Meltm-.X point lb to bo (Ib.fiaetive index at 
(I0' (' I’lfUl to I'bb], A<elit} not above I pet cent. 
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Aoki’ai ks from inisaj)Oiii(iab!e, peiceiitago of, 
40 

Acotyl value, 20. 

-—— ofuiisipoinfiable, 10. 

Acidity, lowering of, by lieating, 4 1. 

—~ of fatty loh arid lals, 41 
Acidum oleiuiitn, 127. 

Adeps, 12/. 

'■ — " laiia\ 127. 

Analysis, preparation foi, 2 
Animal oil, 40 
Aracliis oil, 46. 

-toots, 68. 

Ash, 16. 

-in niiiM'iul oils, 113. 

Ailtoi laving oils and fats, 70. 

Back ends ttom fatly acnl distillation, 72 
Backwash gieascs, 91. 

Belgian Imrd grease, 04, 

Black cotton gn ase, liS. 

- oils, Of). 

-i'\rractc‘d, 97 

-viscosity, 08. 

Blown oils, 60. 

Boiled linseed oil and siibstitiitt‘s, 62. 

Bone fat, 6.3. 

Bromides from fatty acids, 31 
Blown Wool oils, loo. 

Camkmnic oil, 16 
Candle sle trine, 7.i 
Camlle-inaker'.s oleiiie, 74 
Caibon, fi’to, in jnteli, 110 
Ga.stoi oil, 46 7. 

-inisi ible, GO. 

Ceusin, parallin in, 12.^ 

-sbellat in, 126 

- wa\, 124. e 

Cetu.enni^ 127. 

Cliniise vpgelabb' tallow, 47 
Cholestciol, digitoinn jnouss, 12. 

Cocoa butter, 19. 

Cocoanut oil, 47. 

Cod livtfr, 48. 

-oil foots, 6i> 

Coke Di inineirtl oils, 113, 

Cold test, 13. 

J-- of un.saponitiabic, 40. 

Col/a, 49: 


Comiiieicial fatty acids, 71. 

Conceiiti'alul soaj) sfrick, 68. 

Copia resitlne, 69. 

Cotton giease, black, 68 

-miK.iIage, 68. 

-oleines, 102. 

- [iitcli, 110. 

Cotton-seed ml, 49. 

Cuiiieis’ gii'ase, l>6. 

Cylinder i>ils, 121. 

-daik, 121.i 

Dkokas, (j 2 . 

Distillate I'loni Inpiid lesin, GO. 

Distillab's, back i nd, 72 

-fioni Continental gn.ises, lo('. 

-fiom cotton loots, JOO 

-lioiu leiovered piudncts, 100 

Distill.ilioii ot taffy acnls, 71. 

-ot lecovmil products, i)S 

Dlslillc’d 9.0 pi 1 cent, oleines, 74 
Dog tish livei ml, 49. 

K.MULsroNs and i inulsion oils, 101 
KngUsli hai.l gi( ises, 94. 

E.xtractcd giease fioni stul cake, 92. 

-skin guase, 93. ^ ^ 

Fai splitting, 70. ^ 

Fats, amount to weigh out fm nulme value 
• 20 . 

-and oiN, Fiiainiaeopieu limits, 127. 

-oils and, table.s of figiucrs fui, 46. 

-ods and acidity "f, 17. 

Fatty acids, bioiiiides fimn, 31. 

-cold test of, 32, 

-conimen lal, 71. 

-distillation, 71, 

-exainination of, 31. 

-iodine value of, 32. 

-melting point of, 31. 

-niiilccubir weiglit of, 37 

----of iioiniHl, 38. 

___ --o\idise<l, 32. 

- - piessiiigof, 72. 

-sepaHitiou of Injuid and solid, 39 

-wool tat, 96. ) 

Fisli steauiie, 50. 

Flash [)oint, 14. . 

Fluids, samjiling of, 1. 

Foots, cod, 69. 
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Foots, cotton, 68. 

-from fatty oils, 67. « 

—^ olivt, 69. 

-palm, 69. 

—— rape, 69. 

-soya, 69. 

' whale, 69. 

Fornioliie value of niiiioial oils, 114 
Frecf.itty acids, 17. 

-—. Ill greases, 93. 

’ Fkii'Ii liaid gieases, 94. 

r.AJUJAi.i: gre.i\c>, 63. 

Gas oil fiom distillation of n-eovered ]>io- 
duets, too. 

---- from fitly acid distill ifioii, 72. 

Geini.in liaid gieases, 94 

Gilding, liability i>folcnies t<i cause, 79. 

OlyciTiiif, 78 

-I rude, S.9. 

Grease, Aiiiencan liog, C'3. 

- Ilelgi.iji IianI, 91 

-cui’iiers’, 96 

-Ficiieli, 91. * 

- {iriiit* I s’, 95. 

-Sewage 9."> 

(dtcises, hackwasli, 91. 

^-extiaetfd fioju sud eake, 92 

—— Inlirioatiiig, 127. • 

-recovered, 92. 

Haui. oioasos, lielgiaii, 94. 

-- - English, 94. 

-Fioiicli, 94. 

flaldeneil oiks, 64. 

—— ■ -l)M-prodiu ts fniin, 64. 

Jleatiiig, f (tecl of, on a« idity, 44. 

Ueliiin value 25 
}{eJiij)?eeil oil r>0 
Ilcrring oil, 50. 

Hog grease, Anieiiiair,'^5T^ 

Jliirse faf, 50. 

Jlo^press oil from caiidlt steanne, 73. 

Indiarduhicu ill nniHual nils. 117. 

Ir^digotiii in sud cake, 92. 

Insoluble l.dty acids, 25. 

Iodine V alue, 19 

• -of 95 jipr cent, olenios, 74. 

. ..of unsapoiiifi.dde, 40 . 

.Iai’an li.sii oil, 51 . 

KiprKi: oil, 51. 

Lai roNi s, 28. 

Lamp oils, fatty oils for, 44. 

Laiioline, 53, 67. • 

Lard, 51. 

'■ oil,f,51. * 

Linseed oil, 61-62. ^ 

-boiled, and substitutes, 62. 

Liquid resin, 90. 


Liquid resin, distillate, 90. 

Luuiicating gieases, 127. 

-—— fre( .icid in, 1*27. 

-flee alkali in, 127. 

MAf'KliY'.S testei, 26. 

Mtiize oil, 52 
Mallow fat, 63. 

Melting point, 10. 

--of actt.ites fiom iinsaj'onili.ible, 

41. 

-of fatty acids, 31 

- - of iinsapoinliaiile, 40. 

-open eapillaiy, 10. 

Menhaden oil, 52 

Mineial acids in lecovoied giease, 94. 

-oil pitch, 111. 

-ods, 111 

- iL'-piialtum in, 117. 

-I'oke in, 113. 

-' 'sdom of, 112 

' foiTiiolili V dm , 115. 

-- nidi inihbci III, 117. 

' — • - lodim v.duc, 1 I 1 

- - - nietalli' si.apv m, 117. 

• - - • ' intiation <il, 114 

- - optic il u t ivily, ] 1 2 

- - - icli.iclut iiidiv, l]9-t2'2. 

.. - U sill 111 , 111. 

- '-pi (ilie giavilv, 119 122 

-(abh-s for, 11 ) 122 

- - 1 ,-sting teliiiiiig, 116. 

-tinning d.iiki \\ 112. 

--visro'-iLy, 119-122 

Misc il'le eastor od, 60 
Molcciilai weiglit of fitly at ids, 37. 

XkmsfooI' oil, 52. 

N(uti.il Wool f.ils, 67. 

Nu kcl, di t( ction of, in lianh ned oils, 64. 

Nigi r SI c<l oil, 52 

Nitintion n| iinm lal ods, 111 

Noii-tats, 17. 

Noinial fatty .icnU, inoheular weiglit of, 38 

On, spliiiing, 70. 

--ojieii sipomtieatiun, 70. 

Oils, .nnoiinl to take fir iodine value, 20. 

. . '■ •• ,ind fats, aeniitv of, 44. 

-I'll iiniacopH'ia liiints, 127. 

-tables of hgiiits, 46 

-lamp, 44 t 

Oleini. oaiidle’iiiaki i’'>, 95 pel eiiit^ 74. 

—— -iodine values, 74. 

-- (litton, 102. 

-li.vbilily of, to cause gihling, 75. 

-rocoveied, 101. 

-95 pel cent, oxidised acids yi, 75 

-95 per cent, refractive indj.‘x, 75, 

I- 95 cent., tables of ligun-s, 77. 

-95 p|!rcont. nnsa]»oniliable*in, 76.* 

- — W per c<‘nt viscosity o|, 75. 

Oleum aniygilal.e, 127. 
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Oleum Hill, 128. 

—tuoiilnifp, 1-28. 

-ohvoe, 128. 

-ncnii, 128. 

-llu'uliioiii.itiiin, 12S 

Olive oil, fiy. 

-Iiiot.s, BU, 

--blllpliUl, 43 

Ojilical lotatum, 10 
O.Mdisoil tuty iK-uls, '2 

Palm kernel oil, .'>4. 

-oil, 54. 

-loot'*, 09. 

Parallin in ceiesm, 12.5. 

—— wax, 124. 

Paralhtiuin rluimii, 128. 

-liquiduni. 128. 

-Jiiolle, 128. 

IVite (J’Ai Jc Iiiu' G8. 

Pctiol n Ily, no. • in m, 123 

-cok(‘ in, 123 

--loiliiie v.ilui'o|, 124 

-[..iiatlm Mii.\ 111 , 123 

————snionitiahli in.itti i in, 12 4. 
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*— steannes, 103. 
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-- i)f unsajwnifniMe, 39. 

-4- tablf'.s of, 8. 

Rcichort-Mcissl value, 24 
Resin in ceiesm, 125. 

—— in mineral oils, 114. 

-ods, 126. 

Resins* 87., 

-liquid, JO 

-^icltiiig point, 11 

— xwitcncU’s proce.ss, 89. 

Kice oil, 65. 

Rotation, optiia>, 10 


Salmon oil, 5.5 
Sampling, 1 

-thuds, 1 

-solids, 1. 

Saponilication of oils .iinl fats, open, 7<i. 

-olt'llie, 74. 

S.irdini oil, 5.5. 

Sea I leph lilt ltd, 55 
Seal oil, .56 

Si cunds fioiii gi I ise I list 1 1 late', 100 
Si p.'iratioii of iicutial fils .md iinsijionifi- 
able. 18 

Scium picparatum, 128 
Scwagi gieuse, 95. 

Shaik li\ei oil. 56. 

Slii’llae in ceiesin, 126 
Skin gie.i'c' < vCi.u'.teil, 93 
Soaps, cotton, 106. 

-liquid sollllioil, 106 

Sotl oil, 62. 

Solidilying point, 13. 

Solnls, sampling ot, 1 
Soya hi an oil, 5)6 

-foots, 69. ' 

Specific giavity, 3. 

-- i,t nnsaponiliatile, 39. 

— rdatioii of unsajiointiable, .59 

-tenipeMtiiio ri'aclioii, 27. 

Sperm oil, 56 

Siniit oil, 98 

Sti iiu acid, ditiiminatioii of, 36 
Steaiuie, eainlle, 7-5. 

Stearines lecovcied, 103 
Sulplioiiateil oils, 65 
Sulpluir olive ml, 43, 

Siinflowei seeil ml, 57 
Suiface tension, 6 

Tai I ovv, 57. 

-oil. 57. '•ix.i 

-oil u sti aiine, 57 

Thickened oils, 60 

Titrc test, 12 , 

Tung oil, 58. 

Twitcheir.s proci ss, 89. 

UNsAi’ONiFfAiu.K acetates, melting point of, 
41. 

—• acetyl value of, 40. 

-(.old test of, 40. 

-digitoiiin pioces'i, 42 

•-examuiation of, 38. 

-in 95 pel cent oleines, 75. 

-iodine v.ilue ot, 40 

- melting jnuiit of, 40. 

-percentage acetates fmm, 40. 

- — lefractive index of, 39. 

-scpaiati^n of, 41. 

-specific gravity of, 39. 

. — -lotation of, b9. . 

-vaiiation of, in gteases, etc., 96. 

V * tj i..r vn Ti, 


'tint, 14. 
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Variation in unsapoiiiCtable of greases, etc., 
. 9*5. 

^'sco.sity, 4 • 

-absolute, 6, 

-agreement ol lesults, 4, 

• - clleit of previous tieatnieut on, (5. 

• -ligiiics, eonvoision of, 4. 

-lag in flow, 4. 

-- of Mai k oils, 98 

- of 9.'"i per cent oleines, 75. 

• -of leeoveied oleines, 101. 

-tables, 5. 

Volalile f.itty aeuls, 04 
-m.itter in 95 pei cf nt. oleines, 75. 


Vol.ililily at 212" F., 15 

Waijius inl, 58. 

\V..ter, 1(5. 

-in lubricating greases, 127. 

Wa.x, ceiesui, 121. 

-p.irartin, 124. 

Whale ml, 58. 

-foots, t)9. 

-oils, nc;i<lity i»f, 44. 

Wool fat fatty acids, 96 

-giease pitch, 110. 

-oils, blown, 100 
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CONIHNTS.— Hlbfconcnl.—Fundamental Vrlnciiilcs —Principles of Ui-slgn.—The Disc. 
—Pump CJasiDR.s.—Pattern M.iking, Mouldiiig, and Machining.-—Various Types of Casings 
—Puiiips in Situs —Pnr.ilkl (.’i nrrifitg.il Piiuiiw—C!i.irgmR Aiiparatus—Testing.—Pipe 
Arrangements ami Vi^'is.—.Machinery for Drainage and Irrigation.—Sewage Pumping 
MachintTy. —Maniiiury for Doiks — For Salvage of Wrecks — Fiio pumps — Pumps 
driven by Steam TnrbiiieH.—Rotary Air Pumps —Pumps for l)ri>dging and Conveying 
Solids.—CuitLt (Jtar.—Dredgers.—TransiiortiT Dredgers—Cost PriccB.—Index. 
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MODERN PUMPING AND HYDRAULIC MACHINERY. 

Bv EDWARD BUTLER, M.T.Mixii.E. 

Contents.- -Introductory Itcmarks. — Kirly Direct-uetmg bteinn Pumping Engines. — 
Waterworks Pumping Engines, Rotary Cla.ss.—Waterworks Piimplug Fnglncs, Direct- 
♦cMng Duplex Class—Dlilcrcntml Ron-rotatne Pumping Engines.— Mine Pumps, 
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General Service Pumps.—lujectora, Jet Pumps, and Ejectors.—Vacuum and Condenser 
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piaoemont Pumps.—Fire Pumps and High-speed Pliiriger Pumps.—Variable-delivery 
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ahd Stations.—The, Use of Water-Power.—Main Dralnago.—Sewage TMspGsal-RoyuV 
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Practical instruction, Trenches, and TunnelB.--Forms of Sewoes.—Ventilation of Sewers. 
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A MANUAL OF MARINE ENGINEERING: 
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By A. £. SEATON, M.l.O.E., M.I.Meeb.E., M.l.N.A. 
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ings and Sittings.—Fitting In Maelilnery.—Staitmg and Ilevemlng of Engines, Ao,~ 
Weighted otlier Panlculnrs of Machinei-y lehitmg thereto.—Erttei of Weight, Ineitia, 
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8ca Valves for Water Supply.—Steum Turhiucs.-—Internal Coinbiistion Engines.—Motor 
Boats, etc. wmg iVitrol—SuiM>rlieat.i:d Stiaiii.—Skin Fittings aud Valves.—ItesultB 
of Triabs of Eiigmeb —Wire Gauges.—Copper Pipes.—Wrought-lron Pipes.—Copper 
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And other Competing Instruments for Marine Propulsion. 

By a. E. SEATON, M.lNar.C.B., M.I.MEcn.E., ll.I.N.A^ 
CONTBNTS.—Early History of Marino Propellers.—Modem History of Propelleft,— 
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the ;^rcw.—Materials.—Trials and Experiments.—I ndkx. 
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A TEXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, Xl Insi.C.K., M.Inst.Mech.E. 
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by Prof. Biirstai.l. 
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with a General Introductory Account to the Theory of tho Internal 
Combustion Engine. <• 
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Internal Combnstion Engines and Gas Producers. 
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Mechanical Stokers.—Materials In Boiler Construction.— Joints, Stays, etc.—The Loco* 
motive Engine, Injectors, Oompouudlng, EiPiCiency, etc.—APTENDIOES—INDEX. 
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Revised, and brought up-to-date 
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A TEXT-BOOK OF COAL-MINING: 

FOB THE USE OF COLLIERY MANAOERS AND OTHERS 
ENQAOEO IN COAL-MININO. 
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Winding. —Pumping.—Ventilation.—Lighting.—Works at Surface. —rre- 
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With 755 Illustrations. 128. 6d. net. 

PRACTICAL COAL-MINING: 
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A TREATISE ON MINE-SURVEYING: 
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By BENNETT H. BRaUGH, Assoc.R.S.M., F.G.S. 
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Contents.—G eneral Explanatiuns.—MeaetiivnientOf Dififanceti.—Ghalii.Surveying.— 
Trovei’se Survoyinn:.—VariuUoHB n ftlio MaKia-Uc-Needle —J/ 0 <<g&-Necdlc XvavereliiK.— 
Local VarlatioiiB of the Magnotlc.Nocdh*—The German l>ial.—The Vcinlei Ui.il.—The 
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For the use of Students in Land and Mine Surveying. 

liv Professor JAMES PA UK, F.G.S. 

Contests. —Scope and object of Survey mg —Theodolite.—Chalna and Steel Bauds — 
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PRACTICAL SURVEYING AND FIELD-WORK. 
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MODERN MINE VALUATION. 
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I,ate II M. luspuotor of Mines for the Transvaal. 
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Second Edition, Revised Throughout. In Medium 8vo. Witli Nunieroas 
Platofl, Maps, and Illustrations. Pp. i-xxiv + 460. 2ls.net. 

CYANiDINC GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process; its Application, 
Methods of Working, Design and Construction of 
Plant, and Costs. 

By H. FORBES JULIAN, 

And EDGAR SMART, A.M.I.O.E., 

CimI ftH'l Mot Olnijrical EiiKliieer 

Contents.—E arly History of the CyiinUle Prucnsa.—PreliTnlDory Investigations — 
Crushing'—Wt.ighiug and Mcasunng.—Percolation and Liaching.—Principles involved 
In Dissolution and Pnilpitutiun of Metals.—Dia.suiutiou uf the Gold and Silver — Tem* 
pwatup^ ElIe«tB.-—Ah>K)rptloii of Alt by SoIuHouh.—A ction of Various Cyanide Solutions. 
—Sources of Los'i of Cyanide—Precipitatum.—Precipilatioii by Zmc.—Electrical Pre* 
cipUKtion.—Other Methods of Precipitation.—tleauuiK-up. lU fining, and Smelting.— 
Applications of the Cyanide Process—Double Trcatniint.—Direct Trcatineiit of Dry 
Crushed Ore, —Crushing with Cyanide tioliiliun —ISiiiuis,— Dissolving the Gold and Silver 
In Slinns.- LxtrArtiou by SucCffislvo Washings —Agltatum »ud Natural Battlement.— 
Fllkr Pressfs—Vats --Essential Parts of a Cyanide Plant (Construction),—Piping, 
Cocks, Launders, and Huildings.—Handling Muti nal.—Hopes and Gears for Haulage. 
—Belt t'onvejrirs —Pumps.—Spitziutte and bpiUkasteii.—Cost of Plant.—Cost of 
Troatinont. — Complete Plants. — lloastiug.— Index. 

"A handsome volume of 400 pages which n 111 lie .i valuable Imok of tefercnce foi all 
associated with the proctss .”—Jwi nat. 


In Ilandsonio Cloth. With I’ortiait untl Several I'latoa. 

Pp. )-xii + i-liO. (is. net. 

MEMORIALS OF HENRY FORBES JULIAN 

(who perished In the “Titanic” Disaster). 

Bv HESTER JULIAN. 


" A faltMul record of tho life of u righteous man, whose memory will remain fragrant.” 
—Mtmtig World. 


Fifth Engi.ish Edition. In Largo (hown Svo. With 22 I’latea and 
man^Unstftilion5< in tho 'IVvt. llandsoiue Cloth. I'p. i-xiv + 347. 
8 s. ()cl. net. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text‘Book for the (Joe of hfetallurgists and Students af 
Schools of Mines, Ac. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Mining and Director of the Otago irnirersity School of Mines; late Director 
Thames School of Mines, and Geuloglcal Surveyor and Mining Oeologisi 
to the Government of New Zealand. 

Thoroughly Koviseil .and tireatly hhiLnged. \^■llh additional dct.iiln 
coneerning tlio Sieineiis-lf.ilske and otlier recent proco3.ses. 
CONTHSTS.—Tho JiIoArthur-Porrcst Pro(«,>!3. —Clieiiustry of the Proiitss.—liSboratoty 
Experiments.—Control, Testing, and Analysis of Solutlous.-—Appliances and Plimt for 
(Jyanidc Extraction.—Actual Extraction by Cyanide.—Production and '1‘reatment of 
Sfimes.—Cyanide 'ITeatment of Coucentrah'B.—D^achlog by Agitation.—Zinc Prcclpl* 
tatlon and Treatment of Gold Blimes.—ApplKution of the Process in DlUcrent (Jountrlca.—• 
The Slcmeas'llalsko Proce-as.—Other Cyanide Proa sacs.—Antidotes for Cyanide Poison¬ 
ing.—INDBX. 

" Deserves to he ranked as amongst the bkst < >f rxihtino TKRATiaRP.' —Mining JoutmX. 
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fitX^lTiOK, Thoroughly Revlsod Throughout. ^Yith. 51 Foldmg 
Platoa, Comprising 112 Figures, over 500 IlluBtratlous in the Xe&tf 
and nearly 80 Photo-Micrographs of Steel Seotious. Large 8vo.- 
Two Volumes. In all 1000 pages. Handsome Cloth. 369.net. 
With Additional Chapter on The Eieotrio Smelting of Steel, 

THE METALLURGY OF STEEL. 

Bt F. W. HARBORD, Assoc.R.S.M,, F.I.C., 

And J. W. HALL, A.M.Inst.C.E. 

Vol. L—Mstallurgry. Vol. 11.—Meehanleal Treatment. 

(X.B .— ThMi Volu7ne8 (ire wt Sold Sp,ijara(eh/,) 

Abripoep Contents.—T he Plant. JrachJncry, MetluxlH and Chi'niistiy r.f the Bessemer 
and '’f the Open Hearth Processes (Acid ind Uftsic).—i ho Influence of Metallolda, Heat 
I'restuiont, Special Steels, Miuostiiittnie, 'J'estiiig, and Srwcidcntions.- The ItleehaDfcal 
Treatment Of Steel cotuprialiig: Mill Practice, Plant and Miichlnery. 

Tha VftffiAi-er-Myi, at the concluiioa of a renew of this book ~''Wu cannot ooiiclnds wllhoak 
aMuntlr recouimeiidiuir all'who may be Interested an makers or users of sleelT' hich practically 
means the whole of the enRlnaerinit profession, to make ttiemselroa acquainted with it at sueedllr 
M possible.'’ _____ 

Fourth Edition, Roviaed and Enlarged. Pp. i-xv -f 486. With 
130 Illustrations. 16s. net. 

THE METALLURGY OF IRON, 

By THOMAS TURNER, M.So., A.ssoc.R.S.M., F.I.C., 

Profmor of Melallurgp in the Univertiti/ of Birmingluxm, 

Oentral Ckmfmfs.~-£ariy Hlatory of Iron.—Modern Hiatory of Iron —The Age of Steel 
—OhJef Iron Ores.—Preparation of Iron Ores.—The Bleat Furnace.—The Air used In the 
KMt Fomece.>—Beaotioos of the Blast Furnace.—The Gaseous Products of the Blast 
Pomace—The Fnel need in the Blast Fnmace -Slags and Fnics of Iron Smelting.— 
Propertlos of Goat Iron. — Foundry Practice. — Wrought Iron. — Indirect Production of 
Wrought Iron.—The Puddling Prooess —Further Treatment of Wiouglit Iron —Corrosion 
of Iron and Steel—Recent Progress —Ikdxx 

THOROUOHLT v»svvt BOOR, whicb brings the subject hp to datx. Or 
»«BAr Valvr to those engaged m the iron indnstrv.”— Mining JournaY. 

*** For Prpfessop Turner’s “Lecfnrci on&c.. see page 07 

OenenU Catalogve. 


In Medium 8vo. Handsome Clotli. Pp. i-xv + 460. With 166 
Illustrations. ISs. net. 

The Sampling & Assay of the Precious Metals: 

Comprlalnf field, Silver end PisOnum, In Ores, BiUHon and Products. 

By ERNEST A. SMITH, A.R.S.M., M Inst.M.M., 

Deputy Assay Master of the Sheffield Assay Office; Late of the Royal School at Mines 
COKTRUTS.—Introduction —Design and Eijuipnicnt of Assay Offices.-Furnaces and 
ADplIances.—Pr«lous Metal Ores.—V'aluation of Ores.—Hanipllng of Ores.—Preparation 
of Samples lor Assay.—Fluxes and Pjfnclples of Fluxing—Assay Operations—(«) Roast¬ 
ing : Fusion; ((!)Scorlflcntion; (<f)Cuiiollatio!i.—.systems of WorTklng.—Assay of Gold 
and Silver Ores,—Of Complex Ores.—Calculating and Rcpnrtiag Results.—Special 
Methods of Ore Assay,—Bullion.—Valuation of Bullion.—Hampllng of Bullion.—Assay 
of Gold, Silver, and Base Bullion.~Of Auriferons iind Aigcntiferous Products.—Assay 
work in Cyanide Mill —Platinum and the “Platinum Metals."—Assay of Platinum 
fikOres, BnlJlon and Products.—A pbbnbicks.—Inorx. 

' Mhisofely be placed In the liands of students, and will bo of Hhe greatest value to 
.MdSyereas a book of reference “-^Nature. c 

r-"" Rnle^ ... the book should bo adtlcd to the Mining Engineer’s Llbraiy.'*— 
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In Medium 8va nandsom© Cloth. Pp. l*xll4-269. With 10 Ploteu (2 Coloured), 
nnd 60 other IllustratSonB, lOa. 6d. net. 

LECTURES ON 

»xor>E2x»!f coppkh smkx^thstg 

By BONAtT) M. LEVY, M.So.. A.R.S.M., 

Aesistaut Lecturer In MotaUargy, Tiuiverslty of Birmingham. 

ABEIDOBD CONTBNTg.—Historical.—Price and Cost of Production and Statistics.— 
Uec9 of 0>ppcr as Metal and Alloy.—Effect of Impurltii.>9.—Compounds.—Orea.—Pre¬ 
liminary Treatment.— Sampling.—Concentmtlon.—l^inclples of Copper Smelting.— 
Sintering.—lleverberatory Smelting Practice.—Blast Euriwce Practice.—Besaemcrlsing 
of Copper JTattes.—Purification and Kcflmiig of Crude Copper.—Caatlug.—INDEX. 

•• A welcome addition to existing literature on the subject."— Chemical Trade Journal- 

In Medium h\o ll.viwlsoiiic CluUi Pp. i-xiii + ’Id. With Frontispiece and if.j 
Illustr.itioDH, including m.aiiy Plioto-Miciograpbs. 10s. Od. net 

CAST IP0:N! 

In the light of recent research. 

By \V. H. HATEIELI), D.Kc., A.M.I.MocK.E, 

Contents— iNTRODtroTtON. -The Non-Carlxm Alloys and Cast Iron from the Stand¬ 
point of the E(|Uilibrium Dmgram.—Inlliii uco of Silicon.—Of Pbosphorus.—Ot Sulplmr. 

.—Of Mangano^—Of Other i’Acments.—Of (’.isting Icmponturc.—Sliriubago and Con¬ 
traction.—Urowth of Cast Iron under lU'poatod Heatings.—Eib'ct of Superheated Steam 
upon Cast-iron Fittings.—Malle.abti! Cast Iron.—Heat Trinitment of Cast Iron.—Du- 
carbutiBution of Cast Iron without fnrtlur luHion.—Mechanical Properties of Cast and 
Malleable Cast Irou.—Furnaces .ind Slugs.—A ppenpioi s.—Index. 

“A valuable addition to GrlUln’a noted metallurgical publications .”—Mining 
Magazine, •_ 

SttCiiND Kuition. In Crown 8 vo. Hauilsoino Olotli. I’p. i-xxvn l-109. 
Thoroughly lleviaod and very greatly Enlarged. Wiih many New, 
and in all 810 Illustrations. 10s. Od. net. 

A HANDBOOK ON 

METALI..IC AlLiLOYS: 

Their Structure and Constitution. 

Bv aiLilEllT H. GiTLLiVKU, B.So., F.RS.E. 

NTKNTS.—Methods of Investigation.—The Physico-Cliemlcal Equilibrium of 
Mixod Substances.—Binnry Alloys in winch no Beflmte Cljemlcal Compoiunis are formed, 
—I)o. whI(#show livuUnco of the. Formation of ixflnite Clumical CoiiijiouDds.—Trana- 
formations in Complitely Solid Met.!!-*.—Alloys - Kquilibrium Conditions m Metallic 
Mixtures.—The Stniitures ot Metals nnd Alloys.—'Jhu llroiize-s, Brasws, and other 
Alloys of Cupper.—Steel and other Alloys of Iron.—Alloys of moro than Two Metals.— 
Th(^Micro8copc in Engini'ering Practice.—l.MiKX. 

“This booli oilers most exhaustuo Information, aud is profusely illustrated."— Metal 
Industry. _ __ 

Seconti Euition, Thoroughly Hevisod. Pp. i-xvii-1-318. With 195 
Photo-Micrographa, Diagrams, and Figures. Ss. 6d. net 

THE MICROSCOPIC ANALYSIS OF METALS. 

By FLORIS OSMOND and J. K. STEAD, D.Mkt.. F.B.S. 
Revised and Cokuected by L. P. SYDNEY. 

CoNTFNTS.—P art I. Metallography couBldercd as a Method of Assay.—P aw II. 
h© Science of Polishing.—P akt ill. The MleroBcopto Anaiysla of (^rbon Staela.— 
AFPhRDiOES.—I ndex. 

" Tho subject Is treated in a masterly mauher . . . altogether the new edition 
should prove invaluable to mi'tallurgists."—.Wining World. 

" Of all the books which iiave dealt with this aubjoct in its many aspects, surely this 
one remains suprooxN"—C’fe*mical W orld. _ 

LONDON*! CHARLES QRlFFIN & CO., LTD., EXETER STREET,.STRAND. 
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CHARLES GRlEFm A OO.’S PUBII0A7J0H8. 


Third Bditiok, Thoroughly Revised, Enlarged, and Rc-set Throughout. 

In Three Volumes, with Valuable Bibliography, New Maps, 
Illustrations, &o. dOs. net. 

TE,E^TI8E 035T 

E T K. O L El TJ 2 ^/ 31 . 

By SIR BOVERTON REDWOOD, Bart., 

D.Sr , F U.S B , Assoc I^ST O.R., F.I.O. 

CoNTBNTS-—SECTION I.; UUtoricnl Account of tlie Petroleum Iiidustiy.—S ection II,; 
Oeoli^ical and Geogiaphicftl Distribution of Petroloiim and Natmal Gas.—SECTION III.: 
Th« Cherolca! and Physical Properties of Petroleum and Natural Gas. -Section IV.: 
ThS Origin of Petroleum and Natural Gas.—SEOTroN V.; 'Die Production of Petroleum, 
Natural Oaa, and Ozokerite.—S ection VI.; The Refining of Petroleum -Section VII.; 
The Shale Oil and Allied Industries —Section VITI. : The Transport, Stoiiige, and Dis¬ 
tribution of Petroleum —Section IX.: The testing of Crude Petroleum. Petroleum and 
Shale Oil Products, Ozokerite, and Asphalt.—S ection X.; Tlie Uses of Petioleum and 
its Products.—S ection XI.: Statutory, Municipal, and other Regulations relating )o 
the Testing, Stoiago, Transport, and Use of Petroleum and its Pi-oducts.—DiBLio- 
■oRAPHT.—APFKHDiOBe.—I ndex. 

“It Is Indisputably the most coinureheiislve and complete treatise on petrolcniu, anil tins 
statemeut Is true, no matter on what l>ranr.li of tlie iuilustry a Lest <>( Its merits is made. It is 
the only book in existence which aivos the oil man a rinttrsmi rellahte outline of the giowtk and 
tiresent-day coDctitlon of the oiitiie iictroleum woild . . . there is n wonderfully lOinplete 
collecuon of plates and illustrations ~l^h oleum H'orl/l. 


Third Edition, Revised. Pp. i-xix4.S40. PriceSa. Bii. net. 

A HANDBOOK ON PETROLEUM. 

fOfl INSPECTORS UNDER THE PETROLEUM ACTS. 

And fop those engaged in the Storage, Transport, Distribution, and Industrial 
Use of Petroleum and Its Products, and of Calcium Carbide. With 
suggestions on the Construction and Use of Mineral Oil Lamps. 

By captain J. K. THOMSON, 

H.M Pliicf Insncftoi of EipInBlv<“? 

AND SIR BOVKHTON UEPWOOD. JiAUX., 

REVISED BY MA.roU A. COOl'RR-KEV AND SIR ROVMinON liCDWOOI). 
Contents.—I iitrodiioLory—Somcos of supply—Pioduclion, Uotlnin.', eU-.—Com¬ 
mercial Pniducts—Flash Point and - Ti ^tiiig —I.i-Cishlion--Piccantions.— 

Oil r>arap».—Caldum Caibnlc.—\ppciKliccs--lM)EX. 

“ Of unique value . . . The l>ook has attainoJ the rcnuLatlon of a classic, and la 
an cxtroniply handy and useful work for all interested in the oil J^usiiusV’—C7<c»it«if 
TmikJo'iiml. ' 


In Pocket Si/.e. Pp. i-xxi 454. Strongly BouikI in Leather. 

Fully Illustrated. 8s. 0(1. net. 

THE PETROLEUM TECHNOLOGIST S POCKET BOOK. 

By .SIR BOVKRTON REOWOOD, Bait., D.Sc., 

And ARTHUR EASTLAKK, M.J.M.E., A.AM.r.Mcdi.K., Ac. 

Synopsis op Contents.—P.srt I.: General Information about Petroleum (Origin, 
Oeounenco, Prospecting, acquiring Land, lUisitig, Stor.ige, Itefining, etc.) PART 11.; 
Geological (IdcDtlflcatiOD of Rocks, Angk of Dip, Maps, Oil-hearing Areas, Oil per acre, 
Bltnoaeafi, etc.). Part. Ill.: Physical and Ohemical (Specific Gr.ivity, Analysis of Gas, 
Vlscomct^, Calorific Value, Flash Point, Distillation, Candle Power, itc., etc.). Part 
rv.: Production (Drilling, Casing Water, Raising Oil, Phigglng, Cost of Drilling, etc-, 
PabtV. : Refining, Transport, Stnr.agr and(Tinks. Flow of (Has in Pipes, 
Pipe Lines, Pumping, Railway Oars, Darrels, etc , etc.). Part VI.: Uses (Liquid Fuel, Air 
tequireii, Oil Engine*. Natural Gas, Asphalt, etc.). Part VII. : Weights and Measures 
(English and Foreign). Part VIII : Miscellaneous. Pari IX.; Statistics (of Production, 
Asphalt, Oil Shale, Ozokerite, Natiual Gas). 

“Excellent In every way . . . the tables and statistics appeal to he exactly 
those which will be of most m9.”~En‘jtvefr. 
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Griffin’s Local Government Handbooks. 

WORKS SUITABLE FOR MUNICIPAL AND COUNTY 
ENGINEERS* ANALYSTS, AND OTHERS. 

For further particulars of the following, see Index. 

Civil Engineering: Practice. By f. Noki. Tavlor. With over soo 

PascB ftiul over 1,CM)U llluatratioiiB. Cloth, 26e. net. 

The Main Drainage of Towns. By F. Noa:r> Taylou. pp. i-xi + .313. 

With over IJfiO TIlustTatioiie. 12s. Ofl net. 

Practical Sanitation : a Handbook for Sajiitary Inspectors and others. 

hy Oko. linij), M.D., D.P.H, SKVKNThKNTll KI'ITIon, llKiHJUfihly U<-MBed as. 

Sanitary Engineering. By Fkancis Wood, A.M.inM.c.K, Third 

EiUTicN, Ilevisetl. Pp. i-xv + 3ua. Sh. Cil. m-t 

Modern Methods of Sewage Purlflcation. By (i. Bertram 

KKKSHAW, Eiighitei W the Sewittfe Coiuiiu'-shm Fully llliistialeil. 21s net. 

The Principles of Sewage Disposal. By Trof Doshar ot Ilnmburg, 

Translated hy II. T Cai.vkr'I, M.Sc. ir>si. net. 

Tride Waste Waters. By H. Wh.son, M.D., rirI H, T. Calvert, 

PhD. Fiiliy lllusUated. 1 «h. net. 

Trades’ Waste: its Treatment and Utilisation. By \V. Naylou, 

F C.H., A.M.Inst.C.K. 21 b net 

Modern Destructor Practice. By W. F. Goodiuch, A.M.Inat.C.E. 

Pp. i-xvi 4^7S I'iS. net. 

Refuse Disposal. By Piof. K. I\. Matthlus, A IM.Tu^t.C.E. Very 

fully TIliiHtr.itiil. iW. net. 

Water Supply: Selection of Sourco.s and Disttilmtion. By Rkoinald 

E MiDPI-KToN, M Inst.C E , M Iiibt M« c li r , K S 1. Ciown Hvo .Ss (Id. net. 

Water Analyst for Sanitary and Technical Purposes. By 

U B «rocKS, F l.C., etc is Od m t 

Calcareous Cements: 'rhen- Nature, Preparation, and Uso8. By 
OiTinFiiT Kkdoiiavk, Absoc Inst C £ , and CiiAs Si'acrman, P C 8 hreoNP Edition 
IG s net. 

Handbook for Cement Works Chemists. Bj’ F. B. Catkrouse, 

H'.C S. Ii'-. nel. 

Handbook on Town Planning. By Julian Julian, B.F. .'ia. net. 
Hoad Making and Maintenance. By 'i’nos. AirKUN, A M.lu&t.C.E. 

HKCONDEl’iliON Inlly lllnsfi'vU'd 21-5. net 

Dustless Hoads: Tar-Macadam. By J. Wai.ki.r .Smith, Fully 

Jlln'ttr.ilod. lOs od. net. 

Central Electrical Stations: Tlicir Design, Organisation, and Manage- 

nicnt By H. Wordinoiiam. A 1C M Inst <’.E. Skciinu Edition 248. net. 
TransfOiFITliersi i^y Hkkmann Bom.i;, JI.I K Ll., and I'vot. David 

llonKMSo.s, B Sc Pp 1-XIV+1% J’lofuM.-ly lllu'-ti.ite.<l •’Is. iiol 

Electrical Photometry and Illumination. By Fiof. H. Boui.k. 

Pj). l-xi t ‘:22 ProftHely IllustiAtcd. uu t)d net. 

EltfetPicity Meters. By IIknkv (I. SoLo.^fnN, A'»so<-.M.Inst.E.E. In 

Medium 8VO, Ujiiidsoinc Cloth Proltisoly Illiislrnt<‘d Bin net. 

Gas Manufacture (The Chemistry of), liy “W- J. a. Butterfield, 

MA., P.I.U., H.PS. With Illiutrution* FiMIRTH KDlTloN, KeMsed. Vol I., 
“8. Od. neb. Vol II., »u ptcpumtioa 

The Calorille Power of Gas. By J. H. Cos™, F I.C., F.C.S. 

Illustrated. Gs. net. 

Fuel: Gaseous, Liquid, and Solid. By J. H. Costh, F.I C., and H. 

ANunicw-’, K I c Cb lift. 

Smoke Abatement. a Manual for Manufacturers, Inspectors, 
En«inof IS and oUhtu By William Ni* holson. Fully llluitrat^l. Gs. not 

Fire and Explosion Risks. Tho Detection, investigation, and Pre¬ 
vention of Fu-gb and Explosions. By Dr Von ScuwAliT?. Cloth. His net. • 

Milk: Its Production and Uses. With Chapters on Dairy Farming, 

He Diseases of Cattle, and on tho llygione aud Control of Supplies. By Edward F. 
WlLLOUQHBT, M.O., D.P.H. Gs. not. 

Flesh Foods: With Methotli* for their Chemical, Microsemiical. and 

Bacteriological Examination. By C. AINSWOBTU MITCHELL, BA., F.I.C. lyus- 

tratod 108. ed.* , . , . r. . tit 

Foods* •Their Compasition and Analysis. By A. Wynteb Bltth, 
M.R.C.a., F.C.S., and M. W. BLY»J, B.A. B.SC. SIXTH EDITION, Itoroi^^y 
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A MANUAL OF 

THE PRINCIPLES OF SEWAGE TREATMENT. 

By Prof. DUNBAK, Director of the lustituto of State Hygiene, Hamburg. 
Bnolish. Edition kv HARRY T. CALVERT, M.So., Ph.D„ E.I.C,, 
Chief ChonilcnJ Assistant, West Riding of Vorkshlrc.KIveiB Board. 
ABBiDOBD Contents.—H i^TOWOAii Dkvki-opment ok tbb Sbwaob Pkoelbk.—G rowth 
of River Pollution.—I^cgal Monsures of Central and Local Aiitbontios.—Rise and Develop* 
meat of Methods of Sewage Treatment.—Earlier Views, their Object ami fltillty. Present 
Position of Sbwaob Trbatmknt.—T he Cliaraoteristics of Sowaue.—Objects of Pre* 
elpitatloQ Works.—'Description for the Removal of Suspended Mutters.—Methods for the 
Aemoval of Putrosclbihty,—Tho Disinfection of Sewage.—Supervision and Inspection 
of Sowago Disposal Work8.~Tlio Dtlhty and Cost of the various Methods of Sowage 
Treatment.—INUBX. 

'• We heartily commend Uio Iwok as a pectiliai ly fair and Impartial statement of the 
present position of the sewage pioWein.”— 


In M«diam 8vo. Clutli Pp. i-xiii p 356. With Tables, Illustrations 
in the Text, and .36 Plates, 21s. not. 

MODERN METHODS OF 

SEWAGE I»URIFrCATFON. 

A Guide for tbo Designing and Maintenance of Sewage purineatlon Works. 
Bl'O. BERTRAM KERSiUW, E.K.S.I., F.K.M.S., F.O.S.. (fe,)., 

£nginea||te the Royal Coiiimissioii on Sewage Dtspoanl. 

CONTENTS. — IntrS^ctioii. — Ilistorlcal — Conservancy Motljids, (£c. — Sewerage 
Systems.—Kalufall, Storm WtUt.—V ariations in Flow of Sewage.—Clussifleation and 
Composition of Sewages.—Ooasldt rations to bo obscrvcil in ftdivtlng flie Site for Sewage 
Disposal Works.—Preliminary Processes.—Disposal of Sludge.—Laud I'rcatmeut of 
Sewage.—Contact Bods.—Percolating Filters.—Trades’ Vl'aste‘<.—Ml'C(.lIauoou8.'-Pto* 
Cipitatlon Works In Actual Operation.—I ndex, 

A large atnl Ciiinpiehcn.kivc v'oiic . . . replete w'ilh iiif(.itm:Uit)ii.”—yo»r»»«f 

Royal Sanilaril Inttitute. _ 

Large 8vo. Handsome Cloth. I’rioo 16s. net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, hwcbtigation, and Prevention of Fires and Fxp/oslona. 

By 1)B. VON SCHWARTZ, 

Translated from tho Revised </erni.an JCclition by C. T. C. SALTER. 
ABIUPOKI) Obnkkal Contknts.-F lies and Fxplosioiis of a Obuernl vharaotor. - 
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Special Industries — Mnteri.vls Rnipioycd --Agncnlturai Pioilucte. — Fots, Oils, .ind 
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Ignition Appliances, Firewt.rks, v , 
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topics."—FVe n«fZ tVat'-r. 

‘‘A eomplotc and useful survey of a subject of wide interest and vital iiiiponancc. — 
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In Handsome Cloth. Pp. i*xiii -i 256. With 69 Illustrations. 6s. net 

SMOKC: ABATEMENT. 

4 Manual fpf the Use of Manufacturers, Inspectors, Medical OJfoers of 
Health, Engineers, and Others. 

Bt william NICHOLSON, 

. * Chief Smoke Inspector to the Sheffield Coi poratlon. 

*' We welcome suoh an adequate statement on an Important subject.”—ffriYirA 
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Sb<k>»d Edition. In Large %vo. Handsome Cloth. BeautijuUf 
Hluatraied. With Plates and Figures i« the Text. Sis. net. 

ROAD MAKING AND MAINTENANCE 

A Practical Treatise for Engineers, Surveyors, and Others. 

By THOS. AITKEN, MJnst.O.E., 

>l«mbor of the Aesoclatlon of Munloliuil and County Enfcineers; Uember of the Sanitary 
Inat; Surveyor to the County Council of Fife Cupar Dlvlaioo. 

CONTENT,s.—IiiBtorkal Sketch—KoBlstaiire of TiacUnii.—L rjiiik out New Hoads.— 
Earthworks, Draiii.-igc, and Itetaiiiing Walls.- Road W.iteriola, or Metal.—Quarrying. 
—Stone Breaking and Haulage. -Road-llolllng and Sc.vilfyin«.- Tlio Construction of 
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In Handsome Cloth. F\dly Illustrated. 10«. 6fZ. nef. 

x>us'rz.£:ss roads. 

* TAR MACADAM. 

By J. W a B K E E SMITH, 

City kiiKUieer, Kdlnburch. 

Contents.—N eieasitv for Impmvpd .and Stand.iid Hoad Coiihlnietion —Tar —Sl.indanllsatlou 
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Ill Crown Svo. Cloth. I’p. i-xi 4 137. With 2') llhistiations, Colouied Map, and « 
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MODERN ROAD CONSTRUCTION. 

A Practical Treatise for the Use of Engineers, Students, 
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AN INTRODUCTION TO 
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Authorities and Rye-Lawa—Powers of Ixjoal Authorities—I'ractical Considerations in 
the PrepnratioD of Town plans.—A Town-Planning Tour.—A ppendices.—Index. 
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PRINCIPLES AND PRACTICE OF BREWING. 
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QUANTITATIVE INORGANIC ANALYSIS, 

' Witfi Special Reference to the Analysis of Clays, Silicates, etc. 

By J. W. MELLOR, D.Sc. 
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Content?.— totroduction.— Carbon ami Carbonaceous Inks,—Tannin MatcrAis for 
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Engb'sh Edition by Dr. C. Mayrb, of Burgdorf. Profusely Illustrated. 
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The PRINCIPLES & PRACTICE of TEXTILE PRINTING 
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THE BLEACHING AND FINISHING OF COTTON. 

By S. R. TROTMAN, M.A., F.I.C., and K. L. THORP, M.I.Mech.E. 
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THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

•^FLAX, HEMP, JUTE. TOW, & RAIVIIE). 

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding, 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

, By HERBERT R. CARTER, of Belfast, Ghent, and Lille. 
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Industry.—Raw Fibre Markets and Piirclias'i o( Matiriala.—Storing and Prclunluary 
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A TEXT-BOOK OF PMYSICS. 

By J. H. POTNTINO, So.D., P.E.S., 

Professor of Physics, Birmingham IJnlversliy, 
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